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ABSTRACT
Forested wetlands provide important ecological functions such as storm abatement, 
water quality enhancement, and wildlife habitat. However, they are being converted or 
destroyed in southeastern Virginia at an alarming rate. Increased protection for non-tidal 
wetlands has resulted from the "no net loss" philosophy and Section 404 of the Clean Water 
Act, which require compensation for necessary wetland destruction. Wetlands are being 
constructed to provide this compensation; yet, to date, little work has been done to assess the 
ability of these created wetlands to function as well as the natural wetlands. The purpose of 
this research was to determine the success of two created wetlands and their ability to 
provide small mammal habitat by comparing the small mammal populations of two natural 
and two created wetlands.
A mark-recapture study was conducted from June 1995 to May 1996; small mammal 
species were trapped using Fitch live traps and were marked using fingerling ear tags. The 
program CAPTURE was used to estimate small mammal abundances, the Shannon-Wiener 
diversity index was used to calculate species diversity, and the two-way ANOVA, the 
Friedman two-way analysis of variance by ranks, and the Ellenberg similarity index were 
used to determine significant differences between the created and natural sites. Habitat 
suitability models were created and compared to the observations made for each site. 
Threshold levels or requirements were established for each small mammal species using 
vegetation and water depths as parameters. Water depth, vegetation percent cover, 
vegetation species, small mammal captures, and small mammal weighs were collected for 
each trap location.
Comparisons of the water depths and vegetation data for the sites showed that the 
water depth plays a crucial role in determining the small mammal community structure, 
while the vegetation structure may not be as important. Significant differences in the small 
mammal abundance and small mammal weights were found to occur between the created and 
natural sites and among the individual sites. The abundance estimates and species diversity 
values for the created sites fell within the range of variability at the natural sites. The success 
of the four sites as small mammal habitat from most successful to least successful was 1)N2, 
2) C2, 3) C l, and 4) N1 using the criteria of small mammal abundance. Using the criteria 
of species diversity, the sites were ranked 1) N2, 2) C2, 3) N l, 4) C l. Thus, the created 
wetland sites were moderately successful as small mammal habitat, and the determining 
factor of success of the site was not the origin of the site (created or natural), but the habitat 
and structural diversity on the site, including hydrology and site elevations. In order to 
obtain a true assessment of a wetland system it is important to look at several or all of the 
parameters involved in the community structure.
SMALL MAMMAL HABITAT USE OF TWO NATURAL AND TWO CREATED WETLANDS IN
SOUTHEASTERN VIRGINIA
CHAPTER 1: INTRODUCTION
In an age of heightened environmental awareness and concern, society, and 
therefore government, are beginning to show an interest in the protection of natural 
resources. One system whose values have recently come to the forefront is the non-tidal 
forested wetlands. Wetlands, in general, serve many functions and values. These include 
the enhancement of water quality, flood mitigation, storm abatement, aquifer recharge, 
aesthetic values, primary economic resources, food chain support or nutrient cycling, 
socio-economic values, and habitat for fish and wildlife (Sather and Smith 1984, Mitsch 
and Gosselink 1993). The potential for wetlands to serve as fish and wildlife resources, 
fish nurseries, groundwater supplies, areas of high primary production, and aesthetic 
values are also noted by Larson (1982). Wetlands also provide homes for many 
commercially or recreationally important species, and approximately 50 percent of the 209 
animals on the 1986 endangered species list require wetlands to survive (Mitsch and 
Gosselink 1993).
Even though forested wetlands provide indispensable functions they are still being 
converted or destroyed at an alarming rate (Tiner 1984). Increased protection for non- 
tidal wetlands has resulted from the "no net loss" philosophy and Section 404 of the Clean 
Water Act, which require compensation for necessary wetland destruction. Since 
destruction of some non-tidal wetlands systems is unavoidable, it has become necessary to 
compensate for the loss of these systems by creating new sites to perform functions similar 
to those of the lost natural systems.
These created sites have increased the level of interest concerning the performance 
of their intended functions. Studies currently being conducted on created sites are aimed 
at determining the success of these wetlands based on the establishment of vegetative 
communities similar to natural systems (using percent cover, density, and frequency as the 
criteria for natural systems). Another measure of functional success of the created sites 
could be to determine the utilization by higher trophic levels or species dependent on
2
3wetlands. For example, the abundance and diversity of small mammal communities in 
created wetlands could be compared to the abundance and diversity of small mammal 
communities of natural wetland systems. A comparison of these parameters, correlated 
with a hydrology and vegetation structure of the wetlands, will help determine if the 
created wetlands are functioning as well as natural wetland systems.
The purpose of this project was to compare the small mammal populations in 
created and natural non-tidal wetlands and to determine the level of success of small 
mammal recruitment on created sites. This was done by comparing the communities of 
small mammals in created wetlands to those of nearby natural wetlands. The abundance 
and diversity of small mammals in the created sites and the natural sites were estimated 
and the statistical differences between sites were determined. Because of the similarities in 
the hydrology and vegetational structures of the sites, it was hypothesized that there was 
no significant difference between the abundance and diversity of small mammals in the 
created wetland sites and the natural wetland sites.
CHAPTER 2: LITERATURE REVIEW
Section 2.1: Wetland Values
Mitsch and Gosselink (1993) suggest that the values of wetlands fall into one of 
three hierarchical levels, population, ecosystem, and global systems. Population values 
depend on the abundance and diversity of organisms which inhabit non-tidal wetland 
systems. Wetlands serve as homes for many recreational, commercial, and endangered 
species.
The ecosystem level includes flood mitigation, storm abatement, aquifer recharge, 
water-quality improvement, aesthetics, and primary economic resources. The uses of 
flood mitigation and storm abatement may not be primary functions in the isolated or 
groundwater-fed, non-tidal wetland systems, yet they need to be considered when 
evaluating wetland functions. Wetlands enhance water quality by removing organic and 
inorganic nitrogen and many toxic materials from the water. This purifying function is 
accentuated in wetland systems because of increased adsorption of chemicals to particles 
and increased sedimentation rates due to slowed velocities. Anaerobic and aerobic 
processes and the diversity of decomposers that occur in wetlands may also alter the 
chemical composition of the water. The high primary production of wetlands and the high 
water-to-sediment interface enhance chemical interactions and mineral uptake by wetlands 
as well.
On the third hierarchical level, global values, wetlands are important in helping to 
maintain cycles of global nitrogen, sulfur, methane, and carbon dioxide (Mitsch and 
Gosselink 1993). Each of these cycles is important in maintaining balanced biotic and 
abiotic processes.
The unavoidable destruction and loss of the functions and values of some non-tidal
wetland systems has made it necessary to compensate for this loss by creating new sites.
A primary step in constructing a wetland is to establish the goals of the created system.
Seven possible goals of created systems (Mitsch and Gosselink 1993) include: flood
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control, wastewater treatment, stormwater or non-point source pollution control, water 
quality improvement, coastal restoration, wildlife enhancement, fisheries enhancement, 
similar habitat replacement, and research enhancement. Erwin (1990) suggests that 
created wetlands have three primary uses: storm water treatment, water detention for 
flooding situations, and change in chemical composition. From these three uses he sees 
eleven possible functions, such as groundwater recharge and discharge, flood storage, 
shoreline anchoring, sediment trapping, nutrient retention, and food chain support. Once 
the goal(s) or targeted use(s) has been established the wetland can be designed and 
created.
Section 2.2: Created Wetland Monitoring
In evaluating the success of created wetlands, Erwin (1990) believes there are 
thirteen key elements to successful construction of a wetland, including hydrological 
analysis, water quality, vegetation structure, soil characteristics, and faunal composition. 
Research has been done on many of these key elements. Atkinson et al. (1993) used 
vegetation to evaluate early site conditions. This was thought to be possible because of 
the potential of the vegetation to respond to the soils and hydrology of the system. 
Reinartz and Wame (1993) found that early introduction of a diversity of wetland plants 
may enhance the long-term diversity of the vegetation in the wetland while limiting the 
dominance of one or a few species. They also noted that natural recolonization of a 
created site often allows for the emergence of monotypic stands, such as the rapid 
colonizer and invasive species, Phragmites australis, common reed (Reinartz and Wame 
1993). Craft et al. (1991) found that after five years created wetland soils did not function 
as well as natural systems in nutrient cycling and differed significantly in chemical 
composition and redox potential.
Any long-term monitoring to evaluate created wetlands should consider ground 
and surface water elevations, water quality, biological monitoring, vegetation species
6diversity, percent cover and frequency, and wildlife use of the site. The changes that 
occur in the habitat types present on the site and the functions performed by the wetland 
should also be noted in a long term study (Quammen 1986). Erwin (1990) believes in the 
need for research in comparative studies of biological communities and their processes in 
created and natural systems. This can be done by using a "reference wetland" to 
determine success, as long as it is used only for evaluating structural and functional 
attributes of the system, keeping in mind the adjacent landscape. Such an analysis will 
allow an assessment of the success of attaining the ultimate goal, which is to have a 
created system function as part of a larger ecosystem (Erwin 1990). McCrain (1990) 
suggests this can be accomplished using “mitigation banking,” a process which includes 
some creation of wetlands. This helps eliminate the lag time between the loss of and 
subsequent compensation for a wetland. Banking may allow mitigation to be considered 
in early phases, not ex post facto. Banking would also save time and money and allow 
more complete monitoring to determine the ability of the wetland to perform its intended 
function.
When trying to determine the success of created wetland sites, it is necessary to 
look at many realms of the system in order to determine success. Assessments are made 
at the lowest level of organization and then progress towards the highest level of 
organization. With wetland systems there are three basic categories of study: hydrology, 
soil and vegetation, and ecosystem. The hydrologic studies determine whether the water 
source, primarily ground water or stream water, is supporting the necessary functions of 
the wetland system, the "wet" of the wetland. The soil and vegetation studies determine if 
anaerobic conditions, a sign of wetland conditions, are present in the soils. They also 
determine if wetland plant species, namely obligate or facultative wet species, are 
surviving in the created conditions. The ecosystem-level studies determine if the fauna of 
the system is using the created site in the same way as in a natural setting. This is 
evidence that the created system is functioning like the natural system.
7One way to determine faunal use of a particular community is to establish the 
presence of one particular organism which inhabits the environment in question. Studies 
within natural systems have revealed pertinent information on rodent species which inhabit 
wetland systems (Buhlmann et al. 1992, Rose et al. 1990). But, as noted by Erwin (1990), 
little work has been done on the fauna and the biological communities and their 
interactions with their environment in created wetlands.
Section 2.3: Small Mammal Use o f Wetlands
Working in natural systems, Gibbs (1993) found that many small mammals face 
extinction with the loss of wetlands. He also notes that "long-term persistence of 
metapopulations of wetland organisms is dependent in part on movement of individuals 
among aquatic patches and their recolonization of newly created or recently vacated 
patches." In studies of the community changes which occur in timbered wetlands, 
Kirkland (1990) showed that the timbered wetlands must provide adequate food sources, 
cover, moisture, and other habitat requirements in order to sufficiently serve as habitat for 
the organisms. The timbered wetlands showed both initial increases in species richness 
and a substantial change in the community structure within months of clearcutting. 
Several of the small mammal species (soricids, zapodids, microtine rodents, and 
sometimes Peromyscus) increased in numbers due to the change and variability in the 
moisture levels, amounts of herbaceous vegetation, or tree species present. Small mammal 
abundance and species richness in adjacent uncut areas may influence the populations in 
the clearcut areas, but equilibrium is usually reached after one year.
The white-footed mouse (Peromyscus leucopus) often occupies thickets or 
woodland habitats and has a low recapture distance (Shure 1970, M'Closkey and Lajoie 
1975). The meadow vole (Microtus pennsylvanicus) inhabits old fields, meadows, and 
early successional habitats in much of North America (Rose per. comm.). The occurrence 
of white-footed mice may be affected by the population level of the meadow voles in the
8same area (Wirtz and Pearson 1960, M’Closkey and Lajoie 1975). Meadow voles tend to 
avoid areas of the marsh which contain woody or are flooded or highly saturated, but they 
prefer wet substrates over dry substrates (Murie 1969). They feed on the stems and leaves 
of many kinds of herbaceous vegetation (Howell 1984); therefore, areas with sparse or 
woody vegetation are not as suitable for the meadow vole (Getz 1970).
Section 2.4: Population Studies
Although each species has its ideal conditions and habitat, there are many 
environmental and behavioral parameters which may affect the small mammal community 
structure at a given site. It is also the case that whole ecosystems may be altered by the 
interaction of small mammal populations (Gibbs 1993, Smith 1992). Smith (1992) also 
notes that the three main parameters of population studies are the density, distribution, and 
age structure of that population. Ricklefs (1990) states that the “distribution of a 
population is determined by ecologically suitable habitat" and the heterogeneity of the 
habitat and the interaction between species will affect the dispersion of individuals. The 
three main parameters in population studies (density, distribution, and age structure) 
establish, the parameters for mortality, natality, and survivorship rates. The change in 
environmental conditions and population density will also cause a change in intrinsic 
growth rates (Ricklefs 1990). In turn, these changes affect the level of population growth 
and alter the potential for extinction of a species.
Habitat alteration can affect the species composition and balance which exists 
within a community. Currently, one of the greatest causes of species extinction is habitat 
alteration (Smith 1992). A change in the environment can enhance or decrease the 
abundance and diversity of a habitat which may also affect the behavior of the organisms 
involved. Smith (1992) notes that dispersal, behavior alterations, and reproductive 
strategies are some of the ways in which species react to changes or pressures in their
9environment. The presence of predators has also been found to influence the outcome of 
competition between species for space in the altered environment (Ricklefs 1990).
Section 2.5: Environmental Influences
The determination of the similarities in small mammal habitat use of created 
systems to that of natural systems requires the use of proper techniques and proper 
analysis of the data. The establishment of the sampling procedures and techniques to be 
used requires an initial understanding of what factors may influence the results. Some 
factors which may affect the small mammal community are the elevation, slope and aspect 
of an area, water quality, soil characteristics, vegetation structure and forest type, faunal 
community structure, local climate, size and shape of the area, the amount, type and 
placement of logging debris (in the clearcut areas), and the transect or grid placement 
(Smith et al. 1975, Kirkland 1990). Wiener and Smith (1972) also found that population 
density, food availability, age of the organisms, and the types of trap used can affect 
trapping efficiency. Consideration of all of these factors, as well as the results of previous 
work, is the basis for the establishment of the sampling techniques used in this project.
Section 2.6: Trap Locations
Small mammal population sampling begins with the selection of the trap or 
sampling locations. Estimates of small mammal population density are often done using 
transects for short-duration sampling or the determination of relative densities. Grids are 
normally used for studies of long duration in order to provide information on temporal 
fluctuations. When using grids it is necessary to ensure that the spacing between points on 
the grid is large enough to include the average distance moved by the organisms. A larger 
grid size decreases the edge effect, but even small grids provide approximations of 
movements. Density estimates may also be modified by trap spacing because of an 
animal’s ability to detect the trap at a distance. Based on this information the traps should
10
be separated by one-sixth of the diameter of the home range, approximately 15 m for most 
species (Smith et al., 1975). Faust et al. (1971) set up traps in a 26 x 26 grid with 15 m 
between each trap. Shure (1970) used trap grids that were three rows with eight traps in 
each spaced 20 m apart. Wirtz and Pearson (1960) set three transect lines that were 100 
ft apart and the traps on each transect were 50 ft apart. Briese and Smith (1974) set up 
their traps in a 90 m x 320 m grid with the traps spaced 10 m apart. Each species has its 
own habitat requirements and home ranges (Blair 1942, Burt 1943, Murie 1969, Getz 
1970, Shure 1970); therefore, in order to obtain the best estimate of abundance and 
diversity, the placement of the grid should be such that all vegetation and hydrologic 
regimes are sampled.
Section 2.7: Small Mammal Sampling Techniques
It is also important in small mammal sampling to select the trapping method that 
provides the most accurate estimates of abundance and species diversity. Smith et al. 
(1975) suggest there are three main methods of estimating abundance and diversity of 
small mammal populations: non-trapping, which only provides relative estimates and not 
actual numbers; removal trapping, which is good for point-in-time estimates; and non­
removal trapping, which provides sequential density estimates for intact populations. 
Faust et al. (1971) note that the two primary methods with which to census small mammal 
populations include mark-release (mark-recapture) or removal trapping. The mark- 
recapture method permits long-term estimates without eliminating the original population. 
The mark-recapture method provides estimates of species density, birthrates, death rates, 
emigration and immigration (Poole 1974). This project used the mark-recapture method.
Trapping technique can influence the type of traps that should be used in 
estimating the abundance and diversity of a population. The pitfall trap is efficient at 
trapping shrews (Briese and Smith 1974). This trap often captures more species and more 
of each species, with the exception of white-footed mice (Williams and Braun 1983).
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Pitfall traps, however, infrequently capture rare species (Buhlmann et al. 1992) and the 
traps appear to be less effective for rodents (Williams and Braun 1983, Yahner 1992). 
Mitchell et al. (1993) conducted an evaluation of surveying techniques and found that for 
small mammals, live traps are more successful than pitfall techniques at trapping rodents. 
A comparison between live traps and snap traps shows that live traps caught twice as 
many organisms as did the snap traps at night, and three times more in the daytime 
(Cockrum 1947). Work conducted in an Illinois prairie suggests that the population 
estimate took longer to obtain (almost twice as long) using live traps over snap traps, but 
the live trap estimates tend to remain constant because the community is still intact and the 
species composition is not altered (Goodnight and Koestner 1942). Wiener and Smith 
(1972), who compared trap efficiency of Museum special snap traps, small Sherman live 
traps, Victor-mouse snap traps, and Victor-rat snap traps, found that the Museum special 
was the most effective in small mammal trapping, but live traps might be more effective 
over longer trapping spans. Live traps can also be useful in "yielding moderate catch 
rates, ... individuals can be trapped repeatedly and marked to obtain information on 
growth, reproduction, and density" (Rose et al. 1990). Based on these results, the Fitch 
live trap was selected for this project.
Section 2.8: Population Estimate Models
Mark-recapture experiments allow estimates of density, birth rates and death rates, 
and rates of emigration and immigration (Poole 1974). Two types o f models have been 
developed in order to obtain population estimates. The first model, the deterministic or 
closed population model, assumes that the population being studied follows a specific set 
of rules or guidelines, allowing the population to be correctly "determined" (Brown and 
Rothery 1993). In contrast, the second model, the stochastic or open population model, 
acknowledges that there may be some uncertainty or probability associated with a 
particular event. Stochastic models account for the fact that one set of mark-recapture
12
data could produce a range of population estimates (Brown and Rothery 1993). Jolly 
(1965) used the stochastic method because he felt that the deterministic model has been or 
should be superseded by the stochastic model. Jolly (1965) and Cormack (1968) feel that 
the stochastic model allows for more variation within the population and its activities. 
Although this may be true in some situations, one downfall of the stochastic method is that 
it requires equal catchability of all of the individuals. Pollock et al. (1990) discuss the 
likelihood that some individuals or species are differentially trappable, which, under the 
stochastic method of a mark-recapture study, would alter the ratio of new-to-recaptured 
members of the population. This altered ratio could result in an incorrect population 
estimate.
Traditionally the deterministic or stochastic model has been used independently of 
the other; however, Pollock et al. (1990) recommend incorporating closed and open 
population models. By viewing a long-term study on an open system as a series of short­
term studies on closed systems, the short-term studies can then be pooled together and the 
Jolly-Seber method can be used to calculate survivability between the short-term 
estimates. This method requires arranging sampling periods into primary and secondary 
periods. The primary period represents a larger period of time (e.g., years) and the 
secondary period represents a smaller consecutive sampling period (e.g., days). The 
assumption is made that a closed population exists for that period of time. Once the 
sampling data have been collected, a closed model population estimator (Pollock et al. 
1990) can be used to estimate the abundance for the primary sampling periods. One 
program recommended for this purpose is Otis' (1978) program CAPTURE. This 
program allows for varying degrees of heterogeneity in catchability. Hence, program 
CAPTURE was used to calculate the abundance estimates for this project.
13
Section 2.9: Trap Bait
The choice of bait for the rodents is important because the trapper must find a way 
to lure the animal to the trap without causing the organism to become "trap happy" (Smith 
et al. 1975). Bait consisting of peanut butter or lard with sunflower seeds is no longer 
used as frequently, due to the added lure from the odor. One possible, and less luring, bait 
is coarse, dried, rolled oats (Dueser and Shugart, Jr. 1978). Another possible bait, which 
is inexpensive, easy to acquire and use, and does not have the luring odor of some of the 
other feeds, is wild bird seed which contains sunflower seeds (Rose per. comm.). A 
mixture of wild bird seed and sunflower seeds was used to bait the traps for this project.
Section 2.10: Small Mammal M arkins
Various methods have been used to mark small mammals. Two of the most 
commonly used methods are toe clipping (Faust et al. 1971, Wirtz and Pearson, 1960) and 
ear tagging (Stoddart 1970). Stoddart (1970) suggests that toe clipping may leave the 
animals susceptible to infection; he found that ear tagging was a more successful 
technique. Fingerling ear tags were used as the marking technique for this project.
Section 2.11: Species Diversity
Along with determining the number of small mammals present at a wetland site, an 
evaluation of wetland systems should also examine the species diversity at those sites. 
Species diversity measurements help determine the health of an ecological system. This 
determination makes the diversity index measurement useful in conservation and 
environmental monitoring (Magurran 1988). The idea is that the more diverse the 
ecological system, the greater the likelihood of its survival. The measurement of species 
diversity is based on the variety and relative abundance of species in a given system 
(Magurran 1988). One commonly used method to assess biological diversity is the 
Shannon-Wiener diversity Index, also referred to as the Shannon Index (SI). SI is a
14
measure of species richness, as influenced by the underlying abundance distributions of 
species; thus, it takes into account the evenness of the abundance of species (Geier and 
Best 1980, Magurran 1988). Magurran (1988) presents a comparison of several of the 
different ecological diversity indices and lists several generalizations and advantages of the 
SI. These include that: 1) one assumption of the SI is that individuals are randomly 
sampled from an indefinitely large population, 2) all species are represented in the sample 
collected, and 3) the diversity of the sampled and unsampled populations are calculated 
using the SI. In general, an index which is determined primarily by species richness is 
more useful than one calculated primarily using measurements of dominance or evenness 
(Magurran 1988). When compared to other indices, the SI has moderate discriminant 
ability, is moderately sensitive to sample size, has intermediately difficult calculations, and 
is widely used. The SI is a widely and consistently used index, which facilitates 
comparisons between studies of similar sites or projects (Magurran 1988).
Calculating the SI involves calculating the natural log of the number of individuals 
of a species over the total number of individuals caught ( SI = -£ p; In pi where pi is 
estimated by ni/N). The values usually lie between 1.5 and 3.5 and rarely exceed 4.5 
(Margalef 1972). The variance and Student's t value of H' can also be calculated relatively 
easily. Evenness can be calculated by H7H. Thus, the SI was selected and calculated for 
this project.
Section 2.12: Similarity Index
The similarity index is another way of comparing parameters of different sites in 
order to determine mathematically how similar two sites are. Similarity indices can be of 
two types. The first type of index is based on a presence-absence relationship. This type 
of index looks at the relationship between the number of species common to two sites and 
the total number of species found on those sites. This relationship does not take into
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account the number of individuals present in a site; it is only concerned with the presence 
or absence of a species. Two such indices of similarity are Jaccard’s and Sorensen’s.
The second type of similarity index takes into account the quantity of individuals in 
the species common to both sites and the species found only on one site. This is an 
important addition to the similarity index because the number of common species to an 
area is not the only important factor. Bray and Curtis, and Ellenberg (Mueller-Dombois 
and Ellenberg 1974) provided two similarity indices which incorporated the quantitative 
factor as well as the presence-absence of the common species. The equation for the index 
established by Ellenberg is: ISE=[(Mc/2)/(Ma+Mb+(Mc/2))]xl00. Me represents the sum 
of the number of individuals of the species common to both sites. Ma represents the sum 
of the number of individuals of the species restricted to the first site. Mb represents the 
sum of the number of individuals of the species restricted to the second site (Mueller- 
Dombois and Ellenberg 1974). The Ellenberg similarity index was selected for this project 
so that presence-absence and quantity of individuals could both be taken into account.
CHAPTER 3: SITE DESCRIPTIONS
Two created and two natural sites were used in this study. Created site 1 (Cl) was 
located in Southampton County near Franklin, Virginia, and Created site 2 (C2) was 
located in Chesapeake, Virginia. The natural, timbered sites (Nl, N2) were located in 
Southampton County near Courtland and Ivor, Virginia respectively (Figure 1). The 
shape of the sites warranted sampling one large 1.0 ha grid on N l, and two 0.5 ha grids on 
C l, C2, and N2.
Section 3.1: Created 1 (Cl)
C l, a 5.6-ha site located near Franklin, was created in 1992. The site was 
bordered on the west by a forested area, on the north and east by the Blackwater River, 
and on the south by US Route 58. The wetland was created when fill material was 
extracted from an upland site to provide fill for construction of Rte 58. Soils and the 
subsequent seed-bank from a natural wetland were brought to the site to promote the 
establishment of the wetland. Water for the site was from groundwater seeps located 
throughout the site. The contour o f the site has the points of highest elevation on the 
periphery with a gradual decline in elevation towards a central ponded area. The majority 
of the site was inundated year round. Grid 1 and grid 2 were located in areas of hydrology 
that range from being seasonally inundated to areas of constant inundation. The dominant 
vegetation at the site was Typha latifolia, Scirpus cyperinus, and Juncus accuminatus. 
The scrub/shrub and sapling species, which were planted on the site, included Salix nigra, 
Alnus serrulata, Betula nigra, Taxodium distichum, Ouercus sp., and Cephalanthus 
occidentalis.
Section 3.2: Created 2 (C2)
C2, a 16.4-ha site located in Chesapeake, also was constructed in 1992. The site
was bordered on the north by a tidal creek, on the east by interstate 664, on the south by a
16
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Figure 1: Map locations o f the four sampled sites. Four sites, 2 created and 2 natural, were used in this 
study. Created site 1 (Cl) was located in FrankliA* Virginia and Created site 2 (C2) was located in Suffolk, ^ 6 )  
Virginia. The natural, timbered sites. Natural 1 (Nl) and Natural 2 (N2) were located in Courtland and Ivor 
Counties, Virginia respectively. (A)
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deciduous forest, and on the west by a residential street buffered by a line of trees. This 
wetland also was created when fill material was extracted from an upland site to provide 
fill for construction of 1-664. The water sources for the site appear to be precipitation for 
grid 1 and precipitation and inflow from a storm drain for grid 2. The site varies in 
topography, ranging from inundated and saturated areas to areas that appear to be dry in 
the summer; thus, the entire site does not appear to have wetland characteristics. The 
areas chosen for the grid placement were low-lying areas (wetlands) that are inundated for 
all or part of the year. The vegetation of the site was dominated by Juncus ejfusus, 
Scirpus cyperinus, assorted grasses, and Typha latifolia. The scrub/shrub and sapling 
species, which were planted on the site, included Myrica cerifera, Cephalanthus 
occidentalus, Betula nigra, and Salix nigra.
Section 3.3: Natural 1 (Nl)
N1 was approximately 5.6-ha located near Courtland. Timbered in 1992, the site 
was bordered on the north and south by pine forest areas, on the west by cotton crops, 
and on the east by a dirt road and pine forest. The clear-cutting process left ditches and 
trenches in a wetland area dominated previously by bald cypress (Taxodium distichum). 
The ditches are the first areas to fill with water, and the last areas to drain during dry 
summer months. The site used for this study was a long, narrow strip, which was one arm 
of a star-shaped wetland. The water source for the wetland appears to be precipitation. 
The elevation range for the entire site was 50 cm and included ditches with water depths 
up to 50 cm, island-like patches, and areas near the edge of the wetland that were above 
the water level. The dominant vegetation at the site was Panicum sp., Rhyncospora sp., 
S. cyperinus and Typha latifolia. The scrub/shrub and sapling species naturally present on 
the site included Pinus taeda, Taxodium distichum, Liquidambar styraciflua, Acer 
rubrum, Magnolia virginiana, Myrica cerifera, Salix nigra, and Nyssa sp.
20
Section 3.4: Natural 2 (N2)
N2, approximately 16.4 ha located near Ivor, was clear-cut in 1992. Located west 
of the Blackwater River, it was surrounded on the north, east and west by deciduous 
forests. The site has a large amount of woody debris and was cut by meandering streams. 
The rest of the site was saturated for most of the year, becoming inundated only during 
periods of high rainfall. Water sources for the site are stream flow and surface 
precipitation. The elevation range was 57 cm for the entire site, with a range of 29 cm for 
grid 1 and 57 cm for the grid 2. The dominant vegetation was Juncus effusus, Scirpus 
cyperinus, Typha latifolia, and Microstegium vimineum (Trinius) A. Camus. The 
scrub/shrub and sapling species that occurred naturally were Nyssa aquatica, Platanus 
occidentalis, Salix nigra, Fraxinus pennsylvanicus, and Acer rubrum.
CHAPTER 4: METHODS
Section 4.1: Statement o f the Null Hypothesis
Throughout this project the null hypothesis (Ho) was tested. It stated that there 
was no difference between the means of the abundance estimates or between the means of 
the species diversity values of the two created and two natural sites 
(Ho:Tci=Tc2—^Tni=Tn2)-
Section 4.2: Hydrology/Elevation
The relative elevation or hydrologic pattern was obtained by measuring the depth 
of the water above the sediment surface at each trap location. These measurements were 
made during one trapping period in November 1995. The interest in relative elevation 
similarities or differences allowed for hydrologic sampling in November, although it was 
not the time of the maximum rise of the water table. The surface which was not inundated 
was given a value of zero.
Section 4.3: Vegetation
Vegetation was sampled from a 5-m radius for a plot with its center at each trap.
The percent cover of the dominant species (species which comprise 20% or greater of the
vegetation present) within each sampling circle was determined and recorded. Dominant
plant species and percent cover were assigned to one of two categories: vegetation cover
below 0.5 m high (’’low") and vegetation cover above 0.5 m high ("high"). Plants such as
Scirpus cyperinus and Typha latifolia frequently were calculated in both height categories.
Sums of the percent cover of the dominant species of plants with greater than 20% cover
determined the dominant vegetation composition in each height class. The dominant
vegetation composition for each site was used to determine if the "low", "high", or
combination of "low" and "high" vegetation had any correlation to the small mammal
population present at a trap location, grid, or site.
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Section 4.4: Trapping
Estimates of population abundance and density for each site were calculated to 
determine if a significant difference exists between the small mammals living in natural and 
created wetland ecosystems. The mark-recapture method was used for assessing the small 
mammal populations. The general format of mark-recapture establishes that the ratio of 
the number of tagged and recaptured individuals to the total number captured equals the 
ratio of the total number of tagged individuals to the total size of the population. 
Trapping was conducted over a 12-month sampling period for determination of density, 
diversity, emigration and immigration. Three or four sampling days were scheduled for 
each month, during eight months of the year (1995: June 12-16, July 24-27, August 21- 
24, September 25-28, November 27-30; 1996: February 19-22, March 18-21, and May 
13-16). All traps were tended on each sampling day.
In order for mark-recapture methods to be valid, proper capture and marking 
techniques must be employed. Trapping was done with small mammal Fitch live traps. 
Grids were established to encompass the diversity of hydrology, vegetation, and slope or 
elevation. One hundred traps were placed on each of the four sampling sites (Cl, C2, N l, 
and N2). The traps were placed in two 0.5-ha grids (50 m x 100 m) at three of the sites 
(C l, C2, and N2), and in one 1-ha grid (30 m x 330 m) at N l due to the shape of the 
wetland. In each grid the traps were separated from adjacent traps by 10 m. Thus, the 
grids occupy a fraction o f each site and are surrounded by substantial boundaries of similar 
habitat. Traps located in low-lying areas were placed on wood floats and secured with 
duct tape to keep the small mammals from drowning. The bait used in the traps was bird 
seed and sunflower seeds. New captures were marked with fingerling ear-tags and 
released at the point of capture; the recaptures were noted and returned in the same 
manner. The information for each capture included the trap location, species, ear-tag 
number, status of the capture (new or recapture), health of the individual, and the weight 
of the animal.
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Section 4.5: Abundance Calculations
The program CAPTURE was used for analysis (Otis et al. 1978). This program 
evaluates each grid and each site as a combination of closed and open systems (Pollock 
et al. 1990). Use of the closed model system in part of the analysis eliminates the equal 
catchability requirement of the open model system. Program CAPTURE provided 
abundance calculations for each of the primary sampling periods (months) based on the 
numbers of individuals caught during each of the secondary sampling periods (days). 
CAPTURE has 10 estimators. Each estimator calculates the abundance of the overall 
population based on different assumptions (i.e., time response, behavioral response, 
individual response, time and behavioral response, others) and the mark-recapture data. 
Each estimator calculates an abundance for a given sampling period. CAPTURE will 
process the information for each sampling period and recommend the most appropriate 
estimator for that sampling period. Several different estimators were selected as the 
appropriate estimator for each primary sampling period (month). Small data sets caused 
the model selection procedure to select the Null Estimator which assumes equal 
catchability even if heterogeneity in catchability exists (Pollock et al. 1990). Statistical 
analyses needed to be based on comparable values; therefore, one estimator with 
appropriate assumptions and consistent abundance value outputs was selected. The 
Removal Estimator, which is not indicative of the removal of individuals from the site, 
assumes that capture probability varies by individual and by behavioral response to capture 
(Rexstad and Burnham 1991). Frequent recommendation of the Removal Estimate for the 
primary sampling periods, and apparent proper assumptions for the species being trapped, 
led to the use of the Removal Estimator for all of the calculated abundance estimates.
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Section 4.6: Small Mammal Weights
The weight of each individual small mammal was taken at each capture. The 
individual was weighed by its tail or in a bag suspended from a spring scale. Weights were 
recorded in grams. Estimated weights were assigned to individuals which escaped prior to 
being weighed. Greater than ninety percent of the individuals were weighed prior to 
release.
Section 4.7: Small Mammal Species Diversity
The species diversity of the different sites was also calculated. Species diversity 
was calculated for each grid within a site and for the site as a whole using SI. The 
diversity indices were calculated on a monthly basis and for the year using the number of 
individuals captured for each species.
Section 4.8: Site Comparisons
After 12 months of field study, the differences in small mammal populations were 
statistically tested using a two-way ANOVA. The two-way ANOVA was performed on 
the abundance values obtained from the CAPTURE program. The abundance values were 
also compared using nonparametric statistics; the Friedman two-way analysis of variance 
by ranks (Siegel 1956) was used to make these comparisons. A two-way ANOVA was 
also used to determine significant differences between the average monthly weights of the 
small mammal species. All of the two-way ANOVAs were conducted using a blocking 
design in a General Linear Model (GLM). Time and the individual sites (Cl, C2, N l, and 
N2) were the blocking factors, and the other factor was the type of site sampled (created 
or natural).
Based on the literature, a simplified form of a habitat suitability model was 
constructed using hydrology and vegetation as the parameters for each site and small 
mammal species. This habitat suitability model was compared to the actual capture events
25
of the small mammal species. This comparison was used to determine if the small 
mammals were present in the habitats suitable for them at each site, and to determine if 
there was suitable habitat present for each small mammal species on each site.
Two other tests were conducted in order to compare the four sites used in this 
study. A correlation test was used to discover any correlations between small mammal 
abundance, hydrology, and “low” or “high” vegetation. The Ellenberg similarity index 
was used to determine the similarity between the sites based on the four factors: number 
of captured individuals of each small mammal species, “low” vegetation percent cover, 
“high” vegetation percent cover, and hydrology.
CHAPTER 5: RESULTS
Section 5.1: Parameters measured
The parameters that were studied and analyzed at each of the sites (Cl, C2, N l, 
and N2) were relative elevations of the site, dominant vegetation and percent cover by the 
dominant vegetation, and estimated abundance of each dominant small mammal species. 
Seasonal variations were detected in some of these parameters. Species diversity values 
were also calculated for each of the grids on the site (except for N l) as well as for the site 
as a whole.
Section 5.2: Created 1 (Cl)
•5.2.1: Hydrology/Elevation
The grids of the site were located in areas of hydrology that range from being dry 
year round or seasonally inundated (13 of 100 traps) to areas of constant inundation up to 
26 cm (November 1995). Grid 1 had a range in water depth up to 23 cm and grid 2 had a 
range in water depth up to 26 cm (Appendix Al and Figure 2). The mean water depth for 
grid 1 was 9 cm, and for grid 2 it was 12 cm. The mean water depth for the entire site 
was 10 cm with a standard deviation of 7.6 (Appendix A2 and Figure 3). Each grid had 5 
to 10 trap locations which were above water for several months of the year; otherwise, the 
trap locations were in inundated areas for almost the entire sampling period.
•5.2.2: Vegetation
Cl had approximately 44% of the site covered by "low" vegetation, consisting
predominantly of Ludwigia repens, Eleocharis sp., Juncus ejfusus, and Juncus
accuminatus. Approximately 22% of the site was covered by "high" vegetation,
consisting primarily of Scirpus cyperinus and Typha latifolia (Appendix B1 and Table 1).
The “low” vegetation percent cover at each trap location ranged from 0% to 85% for grid
1 (Figure 4A) and 0% to 72% for grid 2 (Figure 5A). The “high” vegetation percent
cover ranged from 0% to 52% for grid 1 (Figure 4B) and 0% to 92% for grid 2 (Figure
26
Figure 2: Water Depths at each Trap Location at Created 1. The relative hydrology, or 
water depth, measurements were made at each trap on one day in November, 1995. The 
measurements are in centimeters, and a measurement of “0” represents a trap location that 
was at any level above the water; therefore the trap location was saturated or dry. A 
positive measurement represents a trap location that was inundated to the indicated level. 
The water depths at the intersection of the trap rows and trap numbers are measured 
values; the rest of the contour values were extrapolated. The water depth values were 
plotted for: (A) grid 1, and (B) grid 2.
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Figure 2
Created 1 Grid 1 
Water Depth at Each Trap Location (cm)
10 9 8 7 6 5 4 3 2  1
Trap Number
□  0-5 ■  5-10 □  10-15 015-20 020-25 025-30
□  0-5 f l 5-10 010-15 □  15-20 020-25 025-30
Created 1 Grid 2 
Water Depth at Each Trap Location (cm)
C Trap Row
A
10 9 8 7 6 5 4 3 2 1
Trap Number
Figure 3: Scatterplot of the mean Values and Standard Deviations for the Water Depths 
at Each Site. The water depth measurements for the 50 trap locations at each grid or the 
100 trap locations at each site were averaged to obtain the mean water depth and standard 
deviation, the mean and standard deviation values were obtained for grid 1 and grid 2 of 
each site, and for Created 1, Created 2, Natural 1, and Natural 2. Each grid or site was 
assigned a numerical value on the x-axis: (1) Created 1 grid 1, (2) Created 1 grid 2, (3) 
Created 1 Entire site, (4) Created 2 grid 1, (5) Created 2 grid 2, (6) Created 2 Entire site, 
(7) Natural 1 Entire site, (8) Natural 2 grid 1, (9) Natural 2 grid 2, (10) Natural 2 Entire 
site.
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Figure 4: “Low” and “High” Vegetation Percent Cover Values for Created 1 grid 1. The 
vegetation survey was taken on one occasion, during the same part of the growing cycle 
for each site. The surveyed area included the vegetation located within a 5 m radius circle 
of the trap location. The relative abundance is the sum of the percent cover of the 
dominant species. Relative low abundance (A) refers to vegetation percent cover at a 
height less than 0.5 m; likewise, relative high abundance (B) refers to vegetation percent 
cover at a height of 0.5 m or greater. The percent cover at the intersection of the trap 
rows and trap numbers are measured values; the rest of the contour values were 
extrapolated.
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Figure 4
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Figure 5: “Low” and “High” Vegetation Percent Cover Values for Created 1 grid 2. The 
vegetation survey was taken on one occasion, during the same part of the growing cycle 
for each site. The surveyed area included the vegetation located within a 5 m radius circle 
of the trap location. The relative abundance is the sum of the percent cover of the 
dominant species. Relative low abundance (A) refers to vegetation percent cover at a 
height less than 0.5 m; likewise, relative high abundance (B) refers to vegetation percent 
cover at a height of 0.5 m or greater. The percent cover at the intersection of the trap 
rows and trap numbers are measured values; the rest of the contour values were 
extrapolated.
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5B). The mean percent cover at grid 1 was dominated by "low" vegetation (50%) with 
only 11% cover by "high" vegetation; whereas, the mean percent cover at grid 2 was more 
evenly split with 37% "low" cover and 33% "high" cover (Table 1 and Figure 6). In many 
cases there was overlap between the "low" and "high" vegetation surrounding the trap 
locations.
•5.2.3: Trapping
Small mammal trapping on a monthly basis at Cl revealed the presence of three 
species at the site: Oryzomys palustris (marsh rice rat), Peromyscus leucopus (white­
footed mouse), and Sigmodon hispidus (hispid cotton rat) (Table 2A and Figure 7A). 
Grid 1 was inhabited by O. palustris and S. hispidus, whereas grid 2 was inhabited by O. 
palustris and P. leucopus. The primary (dominant) species on the site was O. palustris; 
120 individuals were captured. Two and seven individuals of P. leucopus and S. hispidus 
were captured, respectively. Trapping was adversely affected by the presence of raccoons 
on the site; numerous traps were disassembled each month. It was unclear, however, 
whether the raccoons were releasing or consuming rodents that had been trapped, or 
merely consuming the bird seed that was in the traps.
•5.2.4: Small Mammal A bundance Estimates
Abundance estimates were made on a monthly basis using the small mammal 
capture and recapture information (Appendix Cl). The results of the abundance estimates 
mirrored the capture data; a high number of O. palustris, a low number of S. hispidus, 
and a low number of P. leucopus were estimated. O. palustris was the dominant species 
on the site throughout the year, whereas S. hispidus and P. leucopus were estimated only 
to be present in limited numbers in August and September respectively (Figure 8A).
•5.2.5: Seasonal Variations
The primary seasonal variation that occurred was the fluctuation in the water 
depths at some of the trap locations. Most of the trap locations were inundated for the
Figure 6: Scatterplot of the Mean Values and Standard Deviations for “Low” and “High” 
Vegetation Percent Cover. The “Low” (A) and “High” (B) vegetation percent cover 
values for each of the 50 or 100 trap locations on a grid or site respectively were averaged 
to obtain the mean and standard deviation for the each of the grids or sites. The percent 
cover range records the low and high values for the percent cover at a given grid or site. 
Each grid or site is recognized as a numerical value on the x-axis: (1) Created 1 grid 1, (2) 
Created 1 grid 2, (3) Created 1 Entire site, (4) Created 2 grid 1, (5) Created 2 grid 2, (6) 
Created 2 Entire site, (7) Natural 1 Entire site, (8) Natural 2 grid 1, (9) Natural 2 grid 2, 
(10) Natural 2 Entire site.
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full year. Several of the trap locations on the periphery of the grids, or in slightly elevated 
areas, were saturated instead of inundated during the summer months (June, July, and 
August). A natural decrease in the vegetation cover occurred with the death of most of 
the herbaceous vegetation during the winter months.
•5.2.6: Small Mammal Species Diversity
Diversity values reflect the number of captures of an individual species to the total 
number of small mammal captures. A diversity index value of 0.000 reflects that all of the 
individuals trapped for a given time period were all members of the same small mammal 
species. Grid 1 had monthly diversity index values that ranged from 0.000 to 0.693. The 
year value for grid 1 was 0.319. Grid 2 had monthly values of 0.000 to 0.562 and a year 
diversity value of 0.108. When diversity values were calculated for the site as a whole, 
monthly values ranged from 0.000 to 0.410 and the diversity value for the year was 0.196 
(Table 3).
Section 5.3: Created 2 (C2)
•5.3.1: Hydrology/Elevation
The hydrology or relative elevations of the site varied across the site and between 
the grids. The grids are located in areas that ranged from above water level (35 of 100 
traps) to 12 or 16 cm of water (November 1995). Grid 1 had water depths that ranged up 
to 16 cm, and grid 2 water depths ranged up to 12 cm (Appendix A1 and Figure 9). 
Twenty-six of the 50 traps in grid 1 and 10 of the 50 traps in grid 2 were above the water 
level for most or all of the year. The mean water depth for grid 1 was 3.4 cm, and for grid 
2 it was 3.8 cm. The mean water depth for the entire site was 3.6 cm with a standard 
deviation of 3.8 (Appendix A2 and Figure 3).
•5.3.2: Vegetation
The vegetation on the site was approximately 42% "low" vegetation and 29% 
"high" vegetation. The “low” vegetation percent cover ranged from 0% to 77% at grid 1
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Figure 9: Water Depths at each Trap Location at Created 2. The relative hydrology, or 
water depth, measurements were made at each trap on one day in November, 1995. The 
measurements are in centimeters, and a measurement of cc0” represents a trap location that 
was at any level above the water; therefore the trap location was saturated or dry. A 
positive measurement represents a trap location that was inundated to the indicated level. 
The water depths at the intersection of the trap rows and trap numbers are measured 
values; the rest of the contour values were extrapolated. The water depth values were 
plotted for: (A) grid 1, and (B) grid 2.
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(Figure 10A) and 0% to 87% at grid 2 (Figure 11 A). The “high” vegetation percent cover 
ranged from 0% to 84% for grid 1 (Figure 10B) and 0% to 60% for grid 2 (Figure 1 IB). 
The mean percent cover at grid 1 was 33% "low" vegetation and 36% "high" vegetation; 
however, the mean percent cover at grid 2 was dominated by "low" vegetation (52%) with 
only 23% "high" vegetation (Table 1 and Figure 6). In each case, the "low" vegetation 
was dominated primarily by Lespidesa korean and assorted grasses, and the "high" 
vegetation primarily by Eupatorium capillifolium, Bidens frondosa, Juncus effusus, and 
Scirpus cyperinus (Appendix B2).
•5.3.3: Trapping
The small mammal population of C2 included five species: Microtus
pennsylvanicus (meadow vole), O. palustris, P. leucopus, S. hispidus and Blarina 
carolinensis (Table 2B and Figure 7B). Grid 1 had habitat suitable for M. pennsylvanicus, 
O. palustris, P. leucopus, and S. hispidus. Grid 2 yielded M. pennsylvanicus, O. 
palustris, B. carolinensis, and S. hispidus. The three dominant species were M. 
pennsylvanicus, O. palustris, and S. hispidus. M. pennsylvanicus and O. palustris had 80 
or more individuals captured at the site, and S. hispidus had 39 individuals captured. P. 
leucopus and B. carolinensis, however, each had less than 5 individuals captured. All of 
the species did not remain for the entire year; these trends will be discussed concurrently 
with other seasonal trends found on the site.
•5.5.4: Small Mammal A bundance Estimates
The abundance estimates were indicative of the trapping results for C2. These 
estimates show a dominance by M. pennsylvanicus, several O. palustris individuals, and 
several S. hispidus during part of the year (Appendix Cl). The number of individuals 
estimated for M. pennsylvanicus, O. palustris, and S. hispidus reflects the variations in the 
number of individuals captured each month. There were no abundance estimates for O. 
palustris in July, September, and November even though individuals were trapped
Figure 10: “Low” and ‘"High” Vegetation Percent Cover Values for Created 2 grid 1. 
The vegetation survey was taken on one occasion, during the same part of the growing 
cycle for each site. The surveyed area included the vegetation located within a 5 m radius 
circle of the trap location. The relative abundance is the sum of the percent cover of the 
dominant species. Relative low abundance (A) refers to vegetation percent cover at a 
height less than 0.5 m; likewise, relative high abundance (B) refers to vegetation percent 
cover at a height of 0.5 m or greater. The percent cover at the intersection of the trap 
rows and trap numbers are measured values; the rest of the contour values were 
extrapolated.
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Figure 11: “Low” and “High” Vegetation Percent Cover Values for Created 2 grid 2. 
The vegetation survey was taken on one occasion, during the same part of the growing 
cycle for each site. The surveyed area included the vegetation located within a 5 m radius 
circle of the trap location. The relative abundance is the sum of the percent cover of the 
dominant species. Relative low abundance (A) refers to vegetation percent cover at a 
height less than 0.5 m; likewise, relative high abundance (B) refers to vegetation percent 
cover at a height of 0.5 m or greater. The percent cover at the intersection of the trap 
rows and trap numbers are measured values; the rest of the contour values were 
extrapolated.
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during those months. Similarly, there was an abundance estimate of zero for B. 
carolinensis in September, even though one individual was captured (Figure 8B).
•5.3.5: Seasonal Variations
Seasonal variations were noted in all of the measured parameters on C2. Captures 
of S. hispidus were made only during the months of July, August, September, and 
November; consequently, abundance estimates were only made for those same months 
(Appendix Cl). This limited period of capture was paralleled by the decrease in the water 
level from inundation to saturation in early July, and the increase in the water level from 
saturation to inundation in late November. The vegetation also decreased in percent cover 
with the onset of the winter months.
•5.3.6: Small Mammal Species Diversity
Monthly diversity index values for grid 1 ranged from 0.000 to 1.187. The 
diversity value for the year at grid 1 was 0.920, which fell within the monthly calculated 
values. Similarly, monthly diversity values for grid 2 ranged from 0.000 to 1.060, and the 
diversity value for the year was 1.117. The calculated monthly values for the site as a 
whole ranged from 0.000 to 1.183. The diversity value across the year of study was 
1.144 for this site (Table 3).
Section 5.4: Natural 1 (Nl)
•5.4.1: Hydrology/Elevation
The water depth ranged up to 50 cm, but only one trap was located in an area with 
a depth of 50 cm. Only 5 trap locations were above the water level (November 1995), and 
the majority of the traps were in water depths less than 20 cm (Appendix A1 and Figure 
12). The mean water depth for the site was 13 cm with a standard deviation of 9.1 
(Appendix A2 and Figure 3).
Figure 12: Water Depths at each Trap Location at Natural 1. The relative hydrology, or 
water depth, measurements were made at each trap on one day in November, 1995. The 
measurements are in centimeters, and a measurement of “0” represents a trap location that 
was at any level above the water; therefore the trap location was saturated or dry. A 
positive measurement represents a trap location that was inundated to the indicated level. 
The water depths at the intersection of the trap rows and trap numbers are measured 
values; the rest of the contour values were extrapolated
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•5.4.2: Vegetation
The dominant species and percent cover by "low" and "high" vegetation was 
determined for each of the trap locations. The “low” vegetation percent cover ranged 
from 0% to 100% (Figure 13 A); whereas, the “high” vegetation percent cover ranged 
from 0% to 71% (Figure 13B). The mean percent cover by "low" vegetation on this site 
was 55%, and the mean percent cover by "high" vegetation was 21% (Table 1 and Figure 
6). The "low" vegetation was dominated predominantly by Panicum sp. and 
Rhynchospora sp., and the "high" vegetation by Rhynchospora sp. and Scirpus cyperinns 
(Appendix B3). Seven of the trap locations had approximately twenty percent of the 
ground covered by dead timber left after the logging process.
•5.4.3: Trapping
There were 4 small mammal species captured on N l: M. pennsylvanicus, O. 
palustris, P. leucopus, and B. carolinensis (Table 2C and Figure 7C). All of the species 
except B. carolinensis had the same number of individuals captured on the site; however, 
P. leucopus individuals were captured on twice as many trapping periods as M. 
pennsylvanicus and O. palustris.
•5.4.4: Small Mammal A bundance Estimates
The small mammal abundance estimates for Nl produced low numbers of 
individuals similar to those of small mammal captures at N l; however, estimates were not 
always calculated even though individuals were captured. B. carolinensis had an 
abundance estimate of zero in November despite the fact that one individual was captured. 
Abundance estimates for M. pennsylvanicus and O. palustris were only obtained for the 
months of June and July, respectively, even though individuals of each species were 
captured during five different trapping periods. P. leucopus was captured during seven of 
the trapping periods but an abundance estimate was only calculated for the month of July. 
Relatively low abundance estimates were produced due to the low number of captures 
(Appendix Cl and Figure 8C).
Figure 13: “Low” and “High” Vegetation Percent Cover Values for Natural 1. The 
vegetation survey was taken on one occasion, during the same part of the growing cycle 
for each site. The surveyed area included the vegetation located within a 5 m radius circle 
of the trap location. The relative abundance is the sum of the percent cover of the 
dominant species. Relative low abundance (A) refers to vegetation percent cover at a 
height less than 0.5 m; likewise, relative high abundance (B) refers to vegetation percent 
cover at a height of 0.5 m or greater. The percent cover at the intersection of the trap 
rows and trap numbers are measured values; the rest of the contour values were 
extrapolated.
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•5.4.5: Seasonal Variations
The primary seasonal variation for Nl was a hydrologic change on the site. The 
hydrologic range consisted of two time periods. Nl was minimally inundated or saturated 
during the first time period (summer and fall), and was inundated throughout the entire 
site during the second time period (winter and spring), except for a few trap locations. 
Natural seasonal fluctuations in percent cover by herbaceous vegetation also occurred, 
with the herbaceous vegetation turning brown and breaking down during the late fall and 
winter.
•5.4.6: Small Mammal Species Diversity
The species diversity value range was from 0.000 to 1.099 for the monthly values. 
The species diversity value for the year at Nl was 1.087 (Table 3).
Section 5.5: Natural 2 (N2)
•5.5.1: Hydrology Elevation
Differences in the water depth at each trap location occurred within the site and 
between grid 1 and grid 2 (Appendix Al). The range in water depth was 57 cm for the 
entire site. Elevations in grid 1 ranged from above the water level to 57 cm of water; 
however, only two of the 50 trap locations were located in areas with water 50 cm deep. 
Twenty of the 50 trap locations on grid 1 were above the water level, and the other 30 
trap locations were in inundated areas (Figure 14A). Water depths in grid 2 ranged from 
above the water level to 29 cm of water. Only 7 of the 50 traps located in this grid were 
located in inundated areas (November 1995) (Figure 14B). The contour plots of N2 
(Figure 14) do not accurately portray the location of the streams which cut through the 
wetland, but the water depths noted for each of the trap locations are accurate. The mean 
water depth was 10.8 cm for grid 1 and 1.8 cm for grid 2. The mean water depth for the 
entire site was 6.3 cm with a standard deviation of 11.9 (Appendix A2 and Figure 3).
Figure 14: Water Depths at each Trap Location at Natural 2. The relative hydrology, or 
water depth, measurements were made at each trap on one day in November, 1995. The 
measurements are in centimeters, and a measurement of “0” represents a trap location that 
was at any level above the water; therefore the trap location was saturated or dry. A 
positive measurement represents a trap location that was inundated to the indicated level. 
The water depths at the intersection of the trap rows and trap numbers are measured 
values; the rest of the contour values were extrapolated. The water depth values were 
plotted for: (A) grid 1, and (B) grid 2.
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•5.5.2: Vegetation
N2 had approximately 35% of the area covered by "low" vegetation and 23% 
covered by "high" vegetation. The mean percent cover at grid 1 was evenly split with 
33% "low" vegetation cover and 27% "high" vegetation cover. Comparably, grid 2 had 
38% "low" vegetation cover and 19% "high" vegetation cover (Table 1 and Figure 6). 
The range in “low” vegetation percent cover was 0% to 83% for grid 1 (Figure 15A) and 
0% to 72% for grid 2 (Figure 16A). The range in “high” vegetation percent cover was 
0% to 69% for grid 1 (Figure 15B) and 0% to 57% for grid 2 (Figure 16B). The "low" 
vegetation cover was widely represented by M. vimineum, Juncus effusus, Ludwigia 
repens, Platanus occidentalis, Typha latifolia, and Scirpus cyperinus, and the "high" 
vegetation cover was covered mostly by M. vimineum, Scirpus cyperinus, Typha latifolia, 
and assorted grasses (Appendix B4). The ground area around 23 of the trap locations had 
greater than 20 percent of the area covered by dead timber left after the logging process.
•5.5.3: Trapping
Mark-recapture studies on N2 showed the presence and capture of six small 
mammal species: Microtus pinetorum (Pine Vole), M. pennsylvanicus, O. palustris, P. 
leucopus, S. hispidus and B. carolinensis (Table 2D and Figure 7D). O. palustris 
dominated the community with the capture of 139 individuals, and P. leucopus was a 
prominent species in the small mammal community with the capture of 57 individuals. 
The other species captured on the site had between one and nine individuals captured. 
Grid 1 served as a habitat for all of the species trapped on the site except S. hispidus, 
whereas grid 2 served as a habitat for all of the species trapped on the site except M. 
pinetorum.
•5.5.4: Small Mammal A bundance Estimates
The abundance estimates for N2 showed the presence of all of the species captured 
on N2 except for S. hispidus. Estimates for some of the small mammal species was zero 
even though some individuals may have been caught during that month. The
Figure 15: “Low” and “High” Vegetation Percent Cover Values for Natural 2 grid 1. 
The vegetation survey was taken on one occasion, during the same part of the growing 
cycle for each site. The surveyed area included the vegetation located within a 5 m radius 
circle of the trap location. The relative abundance is the sum of the percent cover of the 
dominant species. Relative low abundance (A) refers to vegetation percent cover at a 
height less than 0.5 m; likewise, relative high abundance (B) refers to vegetation percent 
cover at a height of 0.5 m or greater. The percent cover at the intersection of the trap 
rows and trap numbers are measured values; the rest of the contour values were 
extrapolated.
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Figure 15
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Figure 16: “Low” and “High” Vegetation Percent Cover Values for Natural 2 grid 2. 
The vegetation survey was taken on one occasion, during the same part of the growing 
cycle for each site. The surveyed area included the vegetation located within a 5 m radius 
circle of the trap location. The relative abundance is the sum of the percent cover of the 
dominant species. Relative low abundance (A) refers to vegetation percent cover at a 
height less than 0.5 m; likewise, relative high abundance (B) refers to vegetation percent 
cover at a height of 0.5 m or greater. The percent cover at the intersection of the trap 
rows and trap numbers are measured values; the rest of the contour values were 
extrapolated.
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lack of abundance values was indicative of the small number of individuals captured or 
recaptured in a given month. As with the capture information, the abundance estimates 
show O. palustris and P. leucopus as the dominant species on the site (Appendix C 1 and 
Figure 8D).
•5.5.5: Seasonal Variations
As with N l, the only noticeable seasonal trend on N2 was the hydrologic 
fluctuation. The water in the streams was lowest during the summer and autumn. The 
water level increased in the winter and overflowed the banks of the streams on two 
occasions in the spring. The increased water level in the spring was sufficient to inundate 
all trap locations at the site. N2 also experienced natural seasonal fluctuations in 
vegetation abundance and percent cover.
•5.5.6: Small Mammal Species Diversity
The monthly species diversity values determined for grid 1 ranged from 0.245 to 
1.499. The diversity index value for the year for grid 1 was 0.952. The monthly values 
for grid 2 ranged from 0.000 to 1.074, and the value for the year for grid 2 was 0.873. 
Trap results for the two grids were combined to determine a monthly species diversity 
range from 0.490 to 1.418 for the entire site. These combined data also produced a site 
diversity value of 0.931 for the year (Table 3).
Section 5.6: Site Comparisons
Statistical differences between the created and natural sites were revealed by 
comparisons of the small mammal species abundance estimates and the weights of the 
small mammals. Comparisons of the means and standard deviations for the hydrological 
or relative elevations and the percent cover by the vegetation were also made. 
Comparisons of these parameters led to the discovery of a number of differences between 
the created and natural sites.
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•5.6.1: Hydrology
Comparisons of the means and standard deviations for the hydrological or relative 
elevations were made among the four sites. A comparison of the mean water depth and 
standard deviations revealed that there was greater standard deviation in the water depth 
on the natural sites (Figure 3). The mean water depths are variable for both the created 
and natural sites, but the total mean of the two natural sites was greater than that of the 
two created sites. Cl was the most consistent site for the number of trap locations in 
inundated areas. Most of the trap locations that were found in inundated areas on Cl 
remained inundated for the entire year. N 1, which had the most water at some of the trap 
locations in November (1995), also had the same traps in dry or saturated conditions 
during the summer months. C2 and N2 both had drier regions on the sites throughout the 
year; however, as indicated by the measurements taken in November (1995), N2 had a 
more heterogeneous elevation pattern.
•5.6.2: Vegetation
The species of dominant vegetation as well as the percent cover by all of the 
vegetation were determined (Appendix B). The mean and standard deviation calculations 
for the sites revealed that the mean "low" vegetation percent cover for Cl and C2 were 
close in value, while the values for N 1 were higher and N2 were lower. There were no 
distinguishable patterns for the "high" vegetation percent cover. The standard deviations 
for all of the sites were almost equal, but the created sites consistently had higher standard 
deviations for "low" and "high" vegetation values (Figure 6). The percent cover by "high" 
vegetation at the natural sites consisted of more scrub/shrub or saplings than did the 
percent cover at the created sites. The "low" vegetation percent cover at all of the sites 
was primarily herbaceous, but the composition of the species at N1 included plants with 
less soft-tissue (Appendix B). N1 and N2 both had large proportions of the "low" 
vegetation area occupied by dead wood left behind during the clear-cutting of the sites.
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•5.6.3: Hydrology and Vegetation
A comparison between the hydrological data and the percent cover by the “low” 
and “high” vegetation did not reveal any direct patterns or correlations for the sites. 
Visual comparisons of the contour plots for the “low” vegetation percent cover and water 
depths did not reveal any patterns. Similarly, a visual comparison of the contour plots for 
the “high” vegetation percent cover and the water depths did not reveal any patterns 
(Figures 2, 4, 5; 9, 10, 11; 12, 13; and 14, 15, and 16). The values from the correlation 
were not significant; therefore, no direct correlations can be made between the amount of 
vegetation percent cover and the water depths at the sites.
•5.6.4: Small Mammal Trapping
The trapping periods showed patterns or trends for certain small mammal species 
or sites. O. palustris was the most numerous species; it was first in abundance at all of the 
sites. B. carolinensis and M. pinetorum were the two species which were captured at the 
fewest number of sites and were captured less frequently on those sites. S. hispidus 
captures were localized at the created sites, other than the capture of one individual at N2 
(Figure 7).
The created and natural sites provided sufficient habitats to support large numbers 
of certain species on the site. The wet conditions at C l, N2, and C2 allowed each of these 
sites to serve as homes for large numbers of O. palustris. C2 provided suitable habitat for 
M. pennsylvanicus and S. hispidus due to the drier conditions present at the site. The 
variety of habitat types present at N2, especially wood debris from clear-cutting, 
apparently was more suitable than other sites for P. leucopus, M. pinetorum, and B. 
carolinensis. Overall, more individuals of M. pennsylvanicus, O. palustris, and S. 
hispidus were captured at the created sites than at the natural sites; however, more 
individuals of P. leucopus, M. pinetorum, and B. carolinensis were captured at the natural 
sites than at the created sites (Figure 17). Similar results were observed in the small 
mammal abundance estimates (Appendix Cl and Figure 8).
Figure 17: Monthly Captures of Individuals at Each Site. The number of new individuals 
captured on each site on a monthly basis were recorded. Each species is represented on a 
separate graph so that comparisons can be made between the samples sites for each 
species: (A) Microtus pennsylvanicus, (B) Oryzomys palustris, (C) Peromyscus leucopus, 
(D) Microtus pinetorum , (E) Sigmodon hispidus, and (F) Blarina carolinensis.
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•5.6.5: Small Mammal A bundance
F- and p-values obtained from a two-way ANOVA on calculated small mammal 
abundances showed some significant differences which occurred between the created and 
natural sites or among the individual sites (Table 4). The individual sites (Cl, C2, N l, and 
N2) and time (months) served as the blocking factors. These factors allowed for the 
determination of significant differences due to the created or natural status of the sites, 
individual sites, or time. Significant differences were also detected using the Friedman 
two-way analysis of variance by ranks (Table 5).
Significant differences between the estimates of small mammal abundances for the 
created and natural sites were revealed. The estimated abundances for M. pennsylvanicus, 
O. palustris, and the entire small mammal community were significantly different between 
the created and natural sites. Significant differences occurred among the individual sites 
(Cl, C2, N l, and N2) for the abundance estimates o fM. pennsylvanicus, O. palustris, P. 
leucopus, S. hispidus, and the entire small mammal community. There was no significant 
difference on small mammal abundance values due to time; nor was there any interaction 
between the time and created or natural status of the sites (Table 4).
Similar results were found using the Friedman two-way analysis of variance by 
ranks. The ranks of the abundance estimates fo rM  pennsylvanicus, O. palustris, and the 
entire small mammal community revealed significant differences among the sites. No 
significant differences were revealed for P. leucopus, M. pinetorum, S. hispidus, and B. 
carolinensis (Table 5).
•5.6.6: Small Mammal Weights
Comparisons of the average weights of the individuals captured each month were 
made using a two-way ANOVA blocked by individual site and time (Table 6). Two-way 
ANO VAs were unable to be calculated for M. pennsylvanicus, M. pinetorum, S. hispidus, 
and B. carolinensis due to the limited number of captures of individuals and subsequent
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Table 5: Friedman two-way analysis of variance by ranks for the small 
mammal abundance estimates. "Xr2 value" represents the chi-square value.
Sepcies Xr2 value DF Significant Difference (Y/N)
M. pennsylvanicus 11.1375 3 Y
0. palustris 8.3625 3 Y
P. leucopus 7.4625 3 N
M. pinetorum 0.9 3 N
S. hispidus 2.1375 3 N
B. carolinensis 0.225 3 N
Total Abundance 8.2875 3 Y
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lack of weight data. The statistical test was performed on O. palustris, P. leucopus, and 
the entire small mammal communities. The results of these tests revealed that there were 
significant differences in the average weights of O. palustris between the created and 
natural sites and among the individual sites. P. leucopus did not reveal significant 
differences between the created and natural sites, but it did reveal a significant difference 
among the individual sites. The comparisons of the entire small mammal communities 
found that significant differences existed between the created and natural sites and among 
the individual sites. The effect of time on the average weights produced variable results. 
Time was found to have a significant effect on O. palustris, but not on P. leucopus or the 
entire small mammal communities. However, there was a significant interaction between 
time and the created or natural status of a site for the average weight of the individuals for 
the entire small mammal communities but not for O. palustris and P. leucopus (Table 6).
•5.6.7: Species Diversity
Certain trends were apparent in the species diversity values. The values for the 
natural sites were consistently higher than for the created sites. C2 did have high species 
diversity values for the full year and for one month, but the natural sites had higher species 
diversity values on a monthly basis (Table 3).
•5.6.8: Similarity Index
The Ellenberg similarity index was used to determine which sites had the greatest 
similarity for the parameters of small mammal communities, hydrology, and percent cover 
by “low” and “high” vegetation. The similarity index based on the number of small 
mammal individuals captured at each site revealed that C2 and N2 had the greatest 
similarity. The lowest level of similarity occurred between Cl and C2 (Table 7A). The 
similarity index values for the number of small mammal individuals captured ranged from 
61.6% to 98.6%.
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Table 7: Similarity Index values. The Ellenberg index of similarity was tested on the number of 
small mammal individuals captured (A), "Low" vegetation percent cover (B), "High" vegetation percent 
cover (C), and the water depth at each trap location. The results are percentage values which 
expressed the range of similarity between the sites for each of the given parameters. The similarity 
index is based on the ratio of the number of individuals of species common between two sites to the 
sum of individuals unique to each site. This value is multiplied by 100 to render a percentage value.
A. Number of Small Mammal Individuals Captured
Created 1 Created 2 Natural 1 Natural 2
Created 1 X 61.61 79.57 92.09
Created 2 X X 73.01 98.59
Natural 1 X X X 96.84
Natural 2 X X X X
B. "Low" Vegetation Percent Cover
C1 C2 N1 N2
C1 X 75.02 88.37 82.36
C2 X X 84.27 83.38
N1 X X X 89.46
N2 X X X X
C. "High" Vegetation Percent Cover
C1 C2 N1 N2
C1 X 40.15 54.11 39.45
C2 X X 52.83 66.94
N1 X X X 66.03
N2 X X X X
D. Water Depth at Each Trap Location
C1 C2 N1 N2
C1 X 61.13 77.06 32.63
C2 X X 50.84 45.51
N1 X X X 36.92
N2 X X X X
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The test for similarity of the water depth at each trap location among the sites 
found that Cl and N l were the most similar, and Cl and N2 were the least similar (Table 
7B). The similarity index values for water depth at each trap location ranged from 32.6% 
to 77.1%.
The same test conducted on the percent cover by the “low” vegetation recorded 
that the greatest level of similarity occurred between N l and N2. The lowest level of 
“low” vegetation similarity was found between Cl and C2 (Table 7C). The range of the 
similarity index values for the “low” vegetation percent cover was from 75.0% to 89.5%.
The final comparison using the similarity index determined that the highest 
similarity for the percent cover of the “high” vegetation was between C2 and N2. The 
least similar sites for “high” vegetation were Cl and N2 (Table 7D). The range of values 
for the similarity index was from 39.5% to 66.9% for the “high” vegetation percent cover.
•5.6.9: Small Mammal Species
Abundance calculations were tested to see if significant differences in species 
abundance occurred between the created and natural sites or among the individual sites. 
The two-way ANOVA and the Friedman two-way analysis of variance by ranks were used 
to determine significant differences. Significant differences were recorded for two of the 
six small mammal species; the other four species were not found to be significantly 
different.
Microtus pennsylvanicus was one of the species for which abundance calculations 
and statistical tests were performed. Results from the two-way ANOVA and the 
Friedman two-way analysis of variance by ranks revealed significant differences between 
the estimates of M. pennsylvanicus abundance for the created and natural sites (Table 4 
and Table 5). These significant differences were accompanied by a significant difference 
among the estimates for all of the individual sites (Table 4). The mean abundance 
estimates and standard deviations for M. pennsylvanicus revealed the difference in 
abundance estimates among the sites (Figure 18A).
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Oryzomys palustris was the second species that was used to determine if there was 
a significant difference between small mammal abundance in the created and natural sites. 
Significant differences were found between the created and natural sites and among the 
individual sites using the two-way ANOVA (Table 4). Likewise, significant differences 
were found between the created and natural sites using the Friedman two-way analysis of 
variance by ranks (Table 5). The mean and standard deviation values for abundance 
estimates of O. palustris on each of the sites showed the lowest value for N l and the 
highest value forN2 (Figure 18B).
Peromyscus leucopus was a species present at all of the sites. The comparison 
between the created and natural sites did not show a significant difference for either the 
two-way ANOVA or the Friedman two-way analysis of variance by ranks (Table 4 and 
Table 5). However, the two-way ANOVA did reveal that there was a significant 
difference among the individual sites (Table 4), despite the fact that there was no 
significant difference between the created and natural sites. The plot of the mean 
abundance estimates and the standard deviation values showed that the values for N2 were 
higher than the values of the other sites, but not significantly higher (Figure 18C).
The Pine Vole, Microtus pinetorum , was only trapped on N2. The fact that no 
individuals were caught on the other sites led to either no abundance estimate or an 
estimate of zero (Appendix Cl). The estimates of zero, along with no standard deviation, 
for C l, C2, and N l were noted along with the mean and standard deviation for N2 (Figure 
18D). No significant difference was found to exist between the created and natural sites, 
or among the individual sites (Table 4 and Table 5).
The Hispid Cotton Rat, Sigmodon hispidus, was a species which was trapped 
predominately at Cl and C2; one individual was captured at N2. S. hispidus abundance 
estimates greater than zero were produced exclusively at Cl and C2. No significant 
difference was found to occur between the created and natural sites using either the two- 
way ANOVA or the Friedman two-way analysis of variance by ranks (Table 4 and Table
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5). However, the two-way ANOVA revealed a significant difference among the individual 
sites (Table 4). The mean and standard deviation values for the estimate of O. palustris 
abundance at each of the sites displayed the highest value at C2 (Figure 18E).
The southern short-tailed shrew, Blarina carolinensis, as with some of the other 
species, was not trapped at either Cl or C2. No significant difference was found between 
the created and natural site or among the individual sites (Table 4 and Table 5). N2 had a 
mean abundance estimate that was higher than the estimates at C l, C2, and N l, but the 
value was not large enough to reveal a significant difference (Figure 18F).
•5.6.10: Habitat Suitability Model
The habitat suitability model predicted which small mammal species might be 
found at a given site based on the habitat requirements of the species and the habitat 
conditions that were present at each site (Table 8 and 9). None of the small mammal 
species were recorded as preferring the habitats with low vegetation cover (Table 8). All 
of the small mammal species had recorded preferences for residing in habitats with 
medium (33% to 66%) to high (66% to 100%) vegetation cover. The small mammal 
species varied in their hydrological requirements depending on their individual habits, but 
the most accessible habitat to most of the species was a saturated environment (Table 8). 
The habitat suitability model provided a close approximation of the species that were 
captured and the ones which dominated the small mammal communities at each of the 
sites sampled (Table 8, 9, and 10).
A similar model was constructed for all of the sites. Hydrology and vegetation 
were used as the parameters for arranging the sites. One model was designed for 
comparing all of the sites (Table 9) and separate models were also generated for each of 
the individual sites (Table 10 A, B, C, and D). Each model showed how many trap 
locations occurred in each of the parameter combinations. The small mammals captured 
on the site and the dominant small mammal species were also noted next to each site.
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The number of traps on a site with the specified parameters (Table 9) was 
correlated with the presence or absence and the dominance of the small mammal species 
(Table 10) on the sites. This comparison provided a guideline that was used to establish 
the threshold levels of the environmental parameters required by each small mammal 
species. M. pennsylvanicus was predicted to be found in saturated areas. The 
requirement for M. pennsylvanicus to be present on the site was saturation of a minimum 
of 15 percent of the site, and for M. pennsylvanicus to be dominant at the site the 
requirement was saturation of a minimum of 40 percent of the site. O. palustris, however, 
was predicted to inhabit saturated and inundated areas. For O. palustris to be present on 
the site, a minimum of 20 percent of the site must be inundated or satured. O. palustris 
can inhabit a site that has up to 65 percent inundation on the site. Its ability to survive 
under these inundated conditions, when other species cannot, allow it to dominate a site 
under these conditions. S. hispidus was predicted to be found in dry conditions; likewise, 
its threshold level requires 20 percent of the site to be dry and accesible. Finally, P. 
leucopus was predicted to be found in dry conditions. Its threshold environment required 
dry conditions at a minimum of 5 to 20 percent of the site. Part of this minimal 
requirement was met by logging debris to a large extent on the natural sites.
•5.6.11: Habitat Diversity
An increase in the relative habitat diversity was paralleled by an increase in the 
relative species diversity of a site (Table 11). Variability in habitat between Cl and C2 or 
between N l and N2 did occur; however, the habitat diversity for the created sites was 
below that of the natural sites. Likewise, the species diversity of the created sites was 
very close to (only a difference of 0.09 in the range of species diversity values) or below 
the species diversity values of the natural sites (Table 3 and Table 11).
•5.6.12: Correlations
The correlations between the small mammal abundance calculations, “low” 
vegetation, “high” vegetation, and hydrology showed several trends. There was
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Table 11: Comparison of habitat diversity and species diversity. Relative habitat
diversity values were based on the number of different habitats available at each site. 
Relative species diversity values are ranked based on values calculated using the Shannon- 
Wiener diversity index. Relative values are on a scale from 1 to 4 with 1=lowest and 4=highe
Site Relative Habitat Diversity Relative Species Diversity
Created 1 1 1
Created 2 2 2
Natural 1 3 3
Natural 2 4 4
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consistently a negative correlation between the “low” and “high” vegetation (correlation 
values from -0.308 to -0.735). There was also a consistent negative correlation between 
the small mammal abundance and the water depth at a trap (correlation values from -0.001 
to -0.308). All but one of the grids showed an inverse relationship between the small 
mammal abundance and “low” vegetation (correlation values from -0.082 to -0.270 and 
0.016 for C2 grid 1). The results for the correlations of small mammal abundance vs. 
“high” vegetation, “low” vegetation vs. hydrology, and “high” vegetation vs. hydrology 
produced varying results showing both positive and negative correlations. The only 
correlation values of greater significance than 0.500 or -0.500 were those values 
representing correlations between the “low” and “high” vegetation measurements at the 
trap locations (Appendix D).
CHAPTER 6: DISCUSSION
Section 6.1: Site Comparisons
•6.1.1: Small Mammal A bundance
Small mammal abundances were significantly different when compared between
the created and natural sites and among the individual sites. There were, however, as
many dissimilarities among the individual sites as there were between the created and
natural sites. Many of the significant differences that were found for the estimates of small
mammal abundance can be attributed to environmental parameters such as hydrology and
vegetation; it appeared not to be due to the created or natural status of the wetland. Much
of the subsequent discussion will examine, in greater detail, how the individual sites or
small mammal species were influenced by these environmental parameters.
The variability in the vegetation structure of the communities was the first
parameter examined as a possible explanation for the significant differences in the small
mammal abundance estimates. The significant differences in abundance for M.
pennsylvanicus and O. palustris were not paralleled by any patterns in the “low” or “high”
vegetation percent cover. Differences in the mean percent cover by the “low” or “high”
vegetation values for the sites do not represent the same differences found between the
small mammal abundance estimates (Figure 6 and Figure 18A, B). There was also no
strong correlation between the “low” or “high” vegetation percent cover and the small
mammal abundances. These results do not eliminate the possibility that vegetation plays
an important role in small mammal communities, but the percent cover by vegetation does
not appear to be the most important forcing function in the small mammal community.
The water level at a site, on the other hand, does appear to play a very crucial role.
The high mean abundance estimate for M. pennsylvanicus, a species that prefers relatively
dry conditions, at C2 caused a significant difference between the created and natural sites
and among the individual sites for M. pennsylvanicus. This difference coincides with the
lower mean water depths on C2 than on the other sites. N2 was close to C2 in mean
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water depth, and N2 also had the next highest mean abundance estimate for M  
pennsylvanicus. Similarly, significant differences in O. palustris were paralleled by 
differences in the mean water depth of the sites. O. palustris, a species that is 
preferentially found in relatively wet conditions, had the greatest estimate of abundance at 
Cl and N2; the water depth levels were high for Cl and for one of the grids at N2. The 
low number of estimated individuals of O. palustris for N1 was unexpected given the 
estimated inundation level. This apparent inaccuracy may have occurred because water 
depth measurements were made in November (1995) when the water depth was relatively 
high. There were no inundated trap locations at N1 during the summer months; thus, 
there would be no suitable or necessary habitat available for O. palustris for the entire 
year. While the correlation values between the overall abundance estimates and mean 
water levels were not significant, they were consistently negative; thus, there was a 
consistent relationship between the abundance of small mammals and the hydrology of a 
site. This relationship suggests that a fairly large change in hydrology on a site will impact 
the small mammal species abundance. The change in water level will also often cause a 
change in the vegetation community due to the specific habitat requirements of the 
vegetation.
Another environmental factor which may play a crucial role in establishing suitable 
small mammal habitat is the amount, type, and placement of logging debris (Kirkland 
1990). The dead timber left after the logging process provided micro-elevational 
differences, and therefore micro-habitats on the natural sites. These small differences may 
allow a species to inhabitat a site it otherwise may not be able to inhabit. The elevational 
differences established by the logging debris may afford shelter or habitat for small 
mammal species, including P. leucopus, during flood events or times of the year when 
portions of the site become inundated. Without the shelter afforded by the logging debris 
P. leucopus may not be able to survive on a particular site. The logging debris of the
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natural, clear-cut sites was non-existent on the created sites; therefore, one initial 
difference was already present in the environmental parameters.
Other environmental factors which may be impacting the small mammal 
communities at the sites include the landscape position, adjacent habitats, elevation, slope 
and aspect of the area. The forest type, local climate, and size and shape of the sites may 
also influence the small mammal community of a site (Smith et al. 1975, Kirkland 1990). 
All of the sites had adjacent forested areas, and the small mammal community at each of 
the sites had attained an equilibrium, which is normally a one year process (Rose per. 
comm ). While some of these other parameters were not examined in this study, they may 
provide further explanations for the levels of success the sites had in serving as small 
mammal communities.
•6.1.2: Small Mammal Weights
The vegetation percent cover, or the amount of vegetation available for food, plays 
some role in the food consumption by the small mammals and the weights of the 
individuals. The type of vegetation which comprises the percent cover was important in 
determining the weight of the small mammals. Significant differences in small mammal 
weights paralleled the abundance of the vegetation required by the small mammals. The 
grids (C2 grid 2 and N2 grid 1) or sites (Cl for created and N2 for natural) with the 
highest mean small mammal weights were those sites with soft tissued plants like T. 
latifolia. N l, which had very few areas with soft tissued plants, consistently had small 
individuals for O. palustris and the composite of all of the species. The high percentage of 
T. latifolia at Cl allowed for uniform weights of O. palustris individuals and individuals of 
the composite of all of the species. The weights of the individuals at Cl were significantly 
higher than the weights of individuals of the same species on the other sites. Two other 
species, M. pennsylvanicus and P. leucopus, did not express such a dependence on the 
soft tissued plants, demonstrated by their presence on the sites with limited soft tissued 
vegetation.
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•6.1.3: Small Mammal Species Diversity
The SI indicates higher values for N1 and N2 than for Cl and C2. These higher SI 
values demonstrate the higher diversity levels present at the natural sites. The low species 
diversity value for Cl was accompanied by a fairly homogeneous hydrologic environment 
suited for the one dominant species of O. palustris. N1 and N2 both had a more even 
distribution among the four and six small mammal species trapped on the sites 
respectively.
The establishment of a well-balanced and self-sustaining community requires a 
diversity of community structure at all levels (Smith 1992, Magurran 1988). The design 
of Cl was not successful in establishing a habitat regime diverse enough to support a 
variety of small mammal species. The homogeneity of the hydrologic regime allowed for 
one small mammal species (O. palustris) to dominate the community structure. 
Alternatively, C2 provided a diverse environment which allowed for the establishment of a 
more diverse and evenly distributed community structure including M. pennsylvanicus, O. 
palustris, and S. hispidus as the dominant species. N1 did not have as many individuals 
for each small mammal species captured, but the habitat was diverse enough to be suitable 
for the species present on the site (M pennsylvanicus, O. palustris, and P. leucopus). N2 
provided habitat that was suitable for a diverse small mammal community. The dominant 
species for N2 were O. palustris and P. leucopus. M  pennsylvanicus, M. pinetorum, and 
B. carolinensis were also present at N2. A created wetland system aimed at establishing 
or maintaining a diverse environment must be designed with a diversity of habitats that 
mimic the natural systems.
Section 6.2: Similarity Index
The percent similarity values calculated by the Ellenberg index showed several 
trends between the created and natural sites. Cl and C2 showed greater similarity to N1 
and N2 than to each other for the “low” vegetation, “high” vegetation, and captures of
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small mammal individuals. However, Cl and C2 showed greater similarity to each other 
than to the natural sites for the water depths at the traps on the sites. Overall, N1 and N2 
showed greater similarity to each other than to Cl and C2 for the “low” vegetation, “high” 
vegetation, and captures of small mammal individuals.
The high level of similarity in vegetation structure and small mammal species 
composition among the created and natural sites suggests that the created sites were 
serving as small mammal habitats. The dissimilarity among the hydrological regimes of the 
created and natural sites reveals that not all of the parameters were constructed with equal 
success. As mentioned above, all o f the significant differences in small mammal 
abundance estimates were accompanied by differences in the hydrological data.
Section 6.3: Small Mammal Species
Each individual species was found to be dominant in habitats which had elements 
of the environment required by that species. M. pennsylvanicus was a dominant species in 
areas that were slightly damp or saturated (not completely dry or inundated areas). They 
also were dominant on sites that had plants with soft tissues including T. latifolia. These 
results confirmed the results expected based on the habitat suitability model (Table 8). 
Getz (1970) and Murie (1969) both found M. pennsylvanicus in similar habitats, 
consisting of low, wet areas with little woody vegetation. Hall et al. (1991) determined 
that M. pennsylvanicus populations appear to vary with the plant community structure, 
vegetation cover, plant diversity, and food quality.
O. palustris was dominant in inundated areas that also supported soft tissue plants. 
The habitat suitability model predicted that the O. palustris would inhabit saturated and 
inundated areas with medium and high levels of vegetation percent cover (Table 8). This 
prediction appeared to hold true for this species. These conditions were present at each of 
the sites; thus, there was a high abundance of O. palustris at each of the sites. Matthews 
(1971) and Walker et. al. (1964) also described the sustainable habitat of O. palustris as
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marsh areas with substantial amounts of succulent vegetation available for food sources. 
O. palustris is a competitive species. While it does not require inundated areas, it is one 
of the few small mammal species which can tolerate such conditions, allowing it to be a 
dominant species in inundated conditions.
P. leucopus was dominant on the natural sites where they had sufficient vegetation 
for food source and cover, and where there was sufficient woody debris. The natural sites 
had abundant locations of logging debris which was a good habitat for P. leucopus. The 
fallen trees were not present on the created sites; thus, the sites were not as suitable for P. 
leucopus. The suitability model again properly predicted the habitat requirements or 
preferences for P. leucopus (Table 8). Other studies also determined the habitat 
preference of P. leucopus as thicketed or woodland habitats, in dense shrubs, and in 
shrub-forested areas (M'Closkey and Lajoie 1975, and Shure 1970). Wirtz and Pearson 
(1960) also noted that the presence of P. leucopus in a given habitat may be affected by 
the population level of M. pennsylvanicus. No calculations were made in this study to 
verify this relationship, but the two species were found living on the same sites.
S. hispidus was dominant at the sites that had diy ground and sufficient vegetation 
for food consumption. The drier regions of the two created sites (Cl and C2) and N2 
proved to be sufficient habitats for S. hispidus which was noted in the habitat suitability 
model (Table 8). Whitaker (1980) also noted that S. hispidus inhabits grassy and weedy 
fields. These conditions did indeed exist at the wetlands where S. hispidus was captured, 
especially at Cl and C2 during the drier summer months.
Section 6.4: Habitat Diversity
The habitat diversity of the created and natural wetland sites occurred primarily 
due to the variability of the hydrological level that was present on each site. The 
differences in hydrological levels also determine the type of vegetation that can survive on 
the site. The ability of the vegetation to survive on a given site determined what
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vegetation was available as a food source and habitat structure for the small mammal 
species. The relative habitat diversity for each of the sites was paralleled by the species 
diversity.
Others have also found that species diversity is impacted by habitat diversity. 
General ecological studies have shown that species diversity reflects the level of 
heterogeneity in the habitat and the presence of microhabitats (Ricklefs 1990, Smith 
1992). The presence of numerous niches, which may vary only slightly, can provide 
habitat for an increased number of individuals. Small changes in soils, hydrology, 
nutrients, and site location can affect plant growth and thus community structure. These 
changes can occur in both the vertical (e.g., plant layers and percent cover) and horizontal 
(e.g., gradients across a site) community structure (Smith 1992). Several studies have 
shown that short- or long-term alterations to a habitat will cause a change in the overall 
community structure and the level of species diversity which is present (Kirkland 1990, 
Ricklefs 1990, Geier and Best 1980). The data from the wetland sites studied for this 
thesis support the idea that species diversity correlates directly with habitat diversity.
CHAPTER 7: CONCLUSIONS
Measures of small mammal abundance, weight, and species diversity were used to 
assess the success of two created wetland sites and to determine their ability to function as 
small mammal habitat. Two nearby natural sites with similar vegetation were used for 
comparison. The small mammal information was correlated with hydrological and 
vegetation data for the wetland sites.
Based on an initial examination of the hydrology and vegetation for the selected 
sites, it was hypothesized that the small mammal populations of the created and natural 
wetlands would not be significantly different. The null hypothesis (Ho:Tci=Tc2=Tni=Tn2) 
was tested. Several differences in small mammal abundance and small mammal weights 
were recorded between the created and natural sites; however, there were as many 
significant differences among the individual sites as there were between the created and 
natural sites. While there were significant differences between the created and natural 
sites, it was not possible to reject the null hypothesis due to the variability that occurs 
between the natural sites. This large natural variability allows for an equally large 
variability among created wetland sites. The abundance estimates and species diversity 
values for the created sites fall within the range of variability at the natural sites. The 
success of the four sites as small mammal habitat from most successful to least successful 
was 1) N2, 2) C2, 3) C l, and 4) N1 using the criteria of small mammal abundance . Using 
the criteria of diversity, the sites can be ranked 1) N2, 2) C2, 3) N l, 4) Cl. Thus, the 
created wetland sites were moderately successful as small mammal habitat, and the 
determining factor of success of the site was not the origin of the site (created or natural), 
but the habitat and structural diversity on the site. This was exemplified by the abundance 
estimates and weight data for the small mammals, namely when herbaceous vegetation 
dominated a site small herbivores such as M. pennsylvanicus and O. palustris were 
numerous and had high body weights compared to sites with trees or other woody 
vegetation.
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The success of a created wetland is based on the ability of the creator of the site to 
recreate the habitat diversity of a natural wetland system. Because of the large variability 
that exists among natural wetlands, it is important to assess the wetland that is being 
destroyed. This assessment will facilitate the equal compensation of the level of diversity 
that is being lost with the natural wetland.
If the goal of the wetland creation is to provide a habitat for a number of small 
mammal species, then the site must be created to provide a diversity of habitat types. In 
order to create the habitat diversity one must focus on providing the key ingredients for 
survival: mainly food, water, and shelter. A created site designed for the purpose of 
supporting organisms on the lower end of a trophic system (i.e., small mammals) must 
provide a variety of food, water, and shelter regimes in order to avoid a monotypic small 
mammal community. The hydrologic regime of the wetland, although it was not carefully 
studied in this project, appears to be one of the most important parameters of a wetland. 
The establishment of proper elevation and micro-elevations (e.g., logging debris on the 
natural sites) when the wetland is created, as well as yearly monitoring of the hydrology of 
a created site, is important in establishing wetlands that have the greatest value as habitat 
for wildlife.
Determination of what small mammal species are desirable in a given location can 
serve as a guide for structural considerations needed to provide the necessary 
environments for the targeted species. The trapping and sampling techniques described in 
this thesis can be used to determine the small mammal community structure of any 
wetland. The small mammal species may be able to be used as indicators of the wetland 
conditions, or they may be able to be used to determine the overall habitat diversity 
established at a site.
This project could be enhanced by collecting monthly hydrologic data that could be 
correlated with the small mammal captures on a seasonal or monthly basis. A more 
complete set of data for the hydrologic regimes of the study sites would allow for more
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accurate correlations to be made between the small mammal populations and the 
hydrology of the sites, including seasonal trends or fluctuations. One difficulty in 
assessing the cause of seasonal fluctuations in small mammal populations is determining 
how to account for seasonal fluctuations in vegetation structure and the subsequent loss of 
available food sources. Information on small mammal use of wetland systems could also 
be enhanced by obtaining more data concerning the small mammal predators that are 
present on the site. This information could help establish whether the vegetation structure 
or predator-prey relationship has a greater influence on the small mammal population.
In order to assess the success of created wetland systems one must look at the 
wetland system as a whole and not as small pieces. A more complete picture of the 
wetland system would be obtained if studies were done looking at the impact of higher 
level predators and nutrient inputs as a continuum and not as individual pieces of the 
puzzle. To date, very little research has been completed on faunal components of created 
sites. One of the greatest benefits of a wetland system is its habitat value for many levels 
of organisms. If the wetland system is not functioning in this capacity, then one of the 
most valuable wetland functions has not been recreated, and the "no net loss" policy is 
only being maintained in space or area, not in function.
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Appendix A1: Trap location hydrology. The relative hydrology, or water depth, measurements were made at 
each trap on one day in November 1995. The measurements are in meters, and a measurement of "0" represen 
a trap location that was at any level above the water; therefore the trap location was saturated or dry. A positive 
measurement represents a trap location that was inundated to the indicated level.
Trap Created 1 Created 1 Created 2 Created 2 Natural 2 Natural 2
Location grid 1 grid 2 arid 1 grid 2 grid 1 grid 2
A01 0 0 0 0.08 0.03 0
A02 0 0 0 0.03 0.075 0
A03 0.05 0 0.02 0.035 0.11 0
A04 0.06 0.015 0 0.06 0.04 0
A05 0.08 0.03 0 0.04 0.075 0.23
A06 0.1 0.13 0 0.02 0 0
A07 0.14 0.22 0 0.025 0 0
A08 0.19 0.21 0 0.04 0.06 0
A09 0.13 0.21 0 0.1 0.02 0
A10 0.2 0.205 0 0 0 0
B01 0.04 0.04 0.04 0.06 0.155 0
B02 0.09 0.05 0.09 0.04 0.2 0
B03 0 0.11 0 0.05 0.2 0
B04 0.01 0.1 0.02 0 0.12 0
B05 0.045 0.14 0.045 0.03 0 0
B06 0 0.09 0 0.06 0.16 0.12
B07 0 0.21 0 0.06 0.28 0.05
B08 0 0.26 0 0.12 0.57 0
B09 0 0.2 0 0.07 0.16 0.075
B10 0 0.23 0 0.04 0 0
C01 0.07 0.1 0 0.1 0 0.07
C02 0.08 0.04 0.16 0.055 0.15 0
C03 0.23 0.13 0.09 0.04 0.29 0
C04 0.08 0.18 0.095 0.01 0.45 0
C05 0.11 0.14 0.13 0.07 0.52 0
C06 0.2 0.155 0.09 0.035 0.32 0.07
C07 0.17 0.15 0.04 0.03 0.23 0
C08 0.08 0.22 0 0.06 0 0
C09 0.08 0.175 0 0.03 0 0
C10 0.04 0.26 0 0.03 0 0
D01 0.1 0 0 0.085 0.07 0
D02 0.15 0 0.11 0.08 0.22 0
D03 0.1 0.01 0.1 0.05 0.06 0
D04 0.03 0.095 0.15 0.065 0.015 0
D05 0.15 0.09 0.06 0 0 0
D06 0.17 0.13 0.08 0.03 0.05 0
D07 0.23 0.22 0.07 0 0 0
D08 0.1 0.22 0.02 0.02 0 0.29
D09 0.09 0.21 0 0.015 0.075 0
D10 0.04 0.13 0 0.04 0 0
E01 0.1 0.02 0 0.025 0 0
E02 0.11 0 0 0.025 0 0
E03 0.15 0.08 0.025 0 0.42 0
E04 0.18 0.08 0.05 0 0.1 0
E05 0.17 0.04 0.07 0.005 0 0
E06 0.21 0.04 0.05 0 0 0
E07 0.17 0.17 0 0 0 0
E08 0.04 0.18 0 0 0 0
E09 0.07 0.14 0.06 0 0 0
E10 0.03 0.18 0.05 0.07 0.2 0
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Appendix A1: (continued)
Trap Location Water Depth
Natural 1 Natural 1
A01 0.07
A02 0.19
A03 0.02
A04 0.06
A05 0.03
A06 0.15
A07 0.1
A08 0
A09 0.13
A10 0.07
A11 0.12
A12 0.08
A13 0.15
A14 0.19
A15 0
A16 0.19
A17 0.11
A18 0.11
A19 0.33
A20 0.33
A21 0.06
A22 0.29
A23 0.01
A24 0
A25 0.17
A26 0.12
A27 0.11
A28 0.09
A29 0.11
A30 0.1
A31 0.13
A32 0.14
A33 0.17
B01 0.14
B02 0.17
B03 0.16
B04 0.17
B05 0.13
B06 0.16
B07 0.5
B08 0.17
B09 0.195
B10 0.17
B11 0.195
B12 0.043
B13 0.19
B14 0.16
B15 0.235
B16 0.16
B17 0.17
Trap Location Water Depth
Natural 1 Natural 1
B18 0.09
B19 0.07
B20 0.24
B21 0.06
B22 0.14
B23 0.12
B24 0.47
B25 0.185
B26 0.26
B27 0.27
B28 0.09
B29 0.07
B30 0.21
B31 -.21
B32 -.21
B33 0.22
C01 0
C02 0.14
C03 0.11
C04 0.08
C05 0.14
C06 0.115
C07 0.1
C08 0.13
C09 0.08
C10 0.1
C11 0.13
C12 0.13
C13 0.1
C14 0.11
C15 0.06
C16 0.07
C17 0.14
C18 0
C19 0.17
C20 0.05
C21 0.12
C22 0.195
C23 0
C24 0.05
C25 0.4
C26 0.09
C27 0.11
C28 0.08
C29 0.06
C30 0.04
C31 0.065
C32 0.1
C33 0.08
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Appendix A2: Water level mean values and standard deviations for each grid and site. The water depth 
measurements for the 50 trap locations on each grid or the 100 trap locations on each site were averaged 
to obtain the mean water depth and standard deviations. The mean and standard deviation values were 
calculated for grid 1 and grid 2 of each site, and for Created 1, Created 2, Natural 1, and Natural 2. The 
unit of measurement is the meter.
Site Mean Standard Deviation
Created 1 Grid 1 0.0933 0.0687
Created 1 Grid 2 0.1207 0.0811
Created 1 Entire 0.107 0.076
Created 2 Grid 1 0.0343 0.0451
Created 2 Grid 2 0.0386 0.0304
Created 2 Entire 0.0365 0.0451
Natural 1 0.1329 0.0304
Natural 2 Grid 1 0.1085 0.1457
Natural 2 Grid 2 0.0181 0.0559
Natural 2 Entire 0.0633 0.1188
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Appendix B1: Dominant vegetation and its relative percent cover for Created 1. Table 6A shows data for grid 1 and 
table 6B shows data for grid 2 . The vegetation survey was taken on one occassion, during the same part of the growing 
cycle, for each site. The surveyed area included the vegetation located within a 5 m radius circle of the trap location. The 
dominant vegetation species are those species which were the dominants of those plants that covered greater than 20% 
cover in the field survey. The value in parentheses which follow the vegetation species names is the percent cover of each 
plant species. The relative abundance is the sum of the percent cover of the dominant species. Relative low abundance 
refers to vegetation percent cover at a height less than 0.5 m; likewise, relative high abundance refers to vegetation percent 
cover at a height of 0.5 m or greater.
A: Created 1 grid 1
Trap Location Dominant Species Rel. Abund. Low Rel. Abund. High
A01 Assorted Grasses, Lespideza striata, L. syr. H (.28) 0.56 0.28
A02 Assorted grasses, L. striata (.34) 0.68 0
A03 Eleocharis sp., L. striata, Ludwigia repens (.21) 0.63 0
A04 Ludwigia repens (.51) 0.51 0
A05 Ludwigia repens (.41) 0.41 0
A06 Ludwigia repens (.41) 0.41 0
A07 Eleocharis sp., L. repens (.34) 0.68 0
A08 Eleocharis sp., L. repens (.33) 0.66 0
A09 L. re pens (.33), Eleocharis sp., Typha sp., Typha sp. H (.18) 0.69 0.18
A10 Eleocharis sp. (.20), L. repens, Typha sp., Typha sp. H (.21) 0.62 0.21
B01 Eleocharis sp. (.29) 0.29 0
B02 L. repens (.57), Open Water (.20) 0.57 0
B03 L. repens, Scirpus cyperinus H, Typha sp. H (.25) 0.25 0.5
B04 Eleocharis sp., L. repens (.34), Open Water (.21) 0.68 0
B05 Eleocharis sp. (.60), L. repens (.24), Open Water (.49) 0.84 0
B06 Eleocharis sp. (.72), Open Water (.27) 0.72 0
B07 Eleocharis sp., L. repens, Typha sp. H (.31) 0.62 0.31
B08 Eleocharis sp. (.50), L. repens (.28) 0.78 0
B09 Eleocharis sp., L. repens (.37), Open Water (.26) 0.74 0
B10 Eleocharis sp., L. repens (.34), Open Water (.21) 0.68 0
C01 Juncus effusus H (.31) 0 0.31
C02 Scirpus cyperinus (.31) 0.31 0
C03 S. cyperinus H, Typha sp. H (.25) 0 0.5
C04 L. repens, S. cyperinus H, Typha sp. H (.23) 0.23 0.46
C05 L. repens (.33), Open Water (.21) 0.33 0
C06 L. repens (.44), Open Water (.34) 0.44 0
C07 Eleocharis sp., L. repens (.19), Typha sp. H (.48), Open Water (.37) 0.38 0.48
C08 Eleocharis sp. (.55), L. repens (.30) 0.85 0
C09 Eleocharis sp. (.51), L. repens (.28) 0.79 0
C10 Eleocharis sp. (.67) 0.67 0
D01 L. repens (.44) 0.44 0
D02 L. repens (.47) 0.47 0
D03 L. repens (.32) 0.32 0
D04 J. effusus, L. repens, Rhynchospora sp., R. sp. H (.18) 0.54 0.18
D05 Typha sp. H (.37) 0 0.37
D06 L. repens, Typha sp. (.18), Typha sp. H (.44) 0.36 0.44
D07 Typha sp., Typha sp. H (.31), Bare Ground (.17) 0.31 0.31
D08 Eleocharis sp., L. repens (.34) 0.68 0
D09 Eleocharis sp. (.54) 0.54 0
D10 Eleocharis sp. (.75) 0.75 0
E01 L. repens (.57) 0.57 0
E02 Typha sp., Typha sp. H (.26) 0.26 0.26
E03 L. repens, Typha sp. H (.27), S. cyperinus H (.25) 0.27 0.52
E04 L. repens, Typha sp. H (.30) 0.3 0.3
E05 L. repens (.34) 0.34 0
E06 Eleocharis sp. (.39) 0.39 0
E07 Eleocharis sp. (.28), L. repens (.50), Open Water (.29) 0.78 0
E08 Eleocharis sp., L. repens (.33), Open Water (.21) 0.66 0
E09 Eleocharis sp., L. repens (.34) 0.68 0
E10 Eleocharis sp. (.66) 0.66 0
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B: Created 1 grid 2
Trap Location Dominant Species Low Vegetation High Vegetation
A01 Juncus accuminatus (.34) 0.34 0
A02 J. accuminatus. Panicum sp., J. accuminatus H, J. effusus H (.16) 0.32 0.32
A03 Moss, J. accuminatus H (.36) 0.36 0.36
A04 J. accuminatus, J. accuminatus H, J. effusus H, Rhynchospora sp. H ( 0.18 0.54
A05 J. effusus (.43) 0.43 0
A06 Scirpus cyperinus H (.24), Typha sp. H (.37) 0 0.61
A07 Typha sp. H (.56), Open Water (.50) 0 0.56
A08 S. cyperinus H (.23), Typha sp. H (.57), Open Water (.36) 0 0.8
A09 S. cyperinus H, Typha sp. H (.46), Open Water (.32) 0 0.92
A10 S. cyperinus H, Typha sp. H (.44), Open Water (.31) 0 0.88
B01 J. effusus (.37), Typha sp., Typha sp. H (.15) 0.52 0.15
B02 J. effusus, S. cyperinus (.27) 0.54 0
B03 J. accuminatus (.29) 0.29 0
B04 Typha sp, Typha sp. H (.28) 0.28 0.28
B05 J. effusus (.32), Typha sp., Typha sp. H, S. cyperinus, S. cyperinus H, 0.71 0.26
B06 Eleocharis sp., S. cyperinus (.23) 0.46 0
B07 J. repens, Typha sp. H (.36), Open Water (.26) 0.36 0.36
B08 Typha sp., Typha sp. H (.36), Open Water (.26) 0.36 0.36
B09 S. cyperinus, Typha sp. (.31) 0.62 0
B10 S. cyperinus, Typha sp., S. cyperinus H, Typha sp. H (.23) 0.46 0.46
C01 J. effusus (.36), S. cyperinu, Typha sp., Typha sp. H (.14) 0.64 0.14
C02 Typha sp. (.35), J. effusus, S. cyperinus, Typha sp. H (.14) 0.63 0.14
C03 Typha sp. H (.38), S. cyperinus, Typha sp.. S. cyperinus H (.15) 0.68 0.15
C04 Typha sp., Typhas sp. H (.36), Open Water (.26) 0.36 0.36
C05 Typha sp. H (.41), S. cyperinus, Typha sp., S. cyperinus H (.16) 0.32 0.57
C06 S. cyperinus (.55), S. cyperinus H (.30) 0.55 0.3
C07 S. cyperinus, S. cyperinus H (.31) 0.31 0.31
C08 Eleocharis sp., S. cyperinus, Typha sp., S. cyperinus H, Typha sp. H (. 0.51 0.17
C09 Eleocharis sp., S. cyperinus, Typha sp., S. cyperinus H, Typha sp. H (. 0.45 0.3
C10 S. cyperinus (.41), Eleocharis sp., S. cyperinus H, Typhas sp. H (.16), 0.57 0.32
D01 Panicum sp. H, Typha sp. H (.21) 0 0.42
D02 Panicum sp. H (.48), Eleocharis sp. (.19) Bare Ground (.13) 0.19 0.48
D03 Eleocharis sp. (.45), Bare Ground, Panicum sp. H (.18), Open Water (. 0.45 0.18
D04 Eleocharis sp. (.56), Typha sp. H (.31), Open Water (.36) 0.56 0.31
D05 Eleocharis sp. (.37), S. cyperinus, J. effusus H, S. cyperinus H, Typha 0.52 0.45
D06 Ludwigia repens, Typha sp. H (.29), Open Water (.22) 0.29 0.29
D07 Eutricularia sp. (.25), Typha sp. H (.45), Open Water (.20) 0.25 0.45
D08 Eutricularia sp., Typha sp. H (.35) 0.35 0.35
D09 S. cyperinus H (.22), Typha sp. H (.40) 0 0.62
D10 S. cyperinus H (.41), S. cyperinus, Eutricularia sp., Typha sp. H (.16), 0.32 0.57
E01 J. effusus (.37), Typha sp., Typha sp. H (.15) 0.52 0.15
E02 Panicum sp. H (.50), Panicum sp. (.20) 0.2 0.5
E03 Eleocharis sp. (.67), Open Water (.27) 0.67 0
E04 Eleocharis sp. (.72), Bare Ground (.16) 0.72 0
E05 Bare Ground (.43), J. effusus, S. cyperinus (.17) 0.34 0
E06 Eleocharis sp., S. cyperinus H, Typha sp. H (.21), Open Water (.34) 0.21 0.42
E07 Eleocharis sp., S. cyperinus, Typha sp., Typha sp. H (.19) 0.57 0.19
E08 Typha sp. H (.37), S. cyperinus H, J. accuminatus H, Eutricularia sp., 0.3 0.67
E09 S. cyperinus, S. cyperinus H, Typha sp. H (.27) 0.27 0.54
E10 L. repens, S. cyperinus, Typha sp., Eutricularia sp., Typha sp. H (.16) 0.64 0.16
90
Appendix B2: Dominant vegetation and its relative percent cover for Created 2. Table 8A shows data for grid 1 and table 8B shows data for grid 2 . The 
vegetation survey w as taken on one occassion, during the sam e part of the growing cycle, for each site. The surveyed area included the vegetation located 
within a  5 m radius circle of the trap location. The dominant vegetation species are those species which w ere the dominants of those plants that covered 
greater than 20% cover in the field survey. The value in parentheses which follow the vegetation species nam es is the percent cover of each plant species. 
The relative abundance is the sum  of the percent cover of the dominant species. Relative low abundance refers to vegetation percent cover at a  height less 
than 0.5 m; likewise, relative high abundance refers to vegetation percent cover a t a  height of 0.5 m or greater.
A: Created 2 grid 1
Trap Location Dominant Species Low Vegetation Hiah Vegetation
A01 Juncus effusus. Aster sp. H. J. effusus H (.26) 0.26 0.52
A02 J. effusus, Aster sp. H, J. effusus H (.27) 0.27 0.54
A03 Aster sp. H (.42). Solidaao sp. H (.23) 0 0.65
A04 Aster sp. H (.38). Lespidesa korean. Solidaao sp. H (.21) 0.21 0.59
A05 Aster sp.. L. korean. Aster sp. H (.24) 0.48 0.24
A06 L. korean (.60) 0.6 0
A07 L. korean, Aster sp. H (.30) 0.3 0.3
A08 Eupatorium capillifolium H (.28). Aster so.. J. effusus. L. korean. Aster sp. H. Solidaao sp. H (.11) 0.33 0.5
A09 E. capillifolium H (.69) 0 0.69
A10 J. effusus. E. capillifolium H (.33) 0.33 0.33
B01 L. korean (.50). Ech crus. Aster sp. H (.20) 0.7 0.2
B02 Ech crus. L. korean. C assia sp. H (.23) 0.46 0.22
B03 L. korean (.54). Aster sp. H (.30) 0.54 0.3
B04 L. korean (.68) 0.68 0
B05 L. korean. J. effusus H (.38) 0.38 0.38
B06 L. korean (.56), C assia sp H (.22) 0.56 0.22
B07 L. korean. E. capillifolium H (.47) 0.47 0.47
B08 E. capillifolium H (.45). L. korean. Aster sp. H (.18) 0.18 0.63
B09 E. capillifolium H (.43), J. effusus H, Solidaao sp. H (.17) 0 0.77
B10 E. capillifolium H (.60). J. effusus H (.24) 0 0.84
C01 L. korean (.46), Aster sp. Aster sp. H (.16) 0.62 0.16
C02 Assorted Graminoids. Polvaonum so. (.21) 0.42 0
C03 Aster sp.. Aster so. H (.39) 0.39 0.39
C04 Bidens frondosa H(.24) 0 0.24
C05 B. frondosa H (.56) 0 0.56
C06 L. korean, B. frondosa H (.27) 0.27 0.27
C07 Andropoaon sp., L. korean. Solidaao so. H (.21) 0.42 0.21
C08 E. capillifolium H (.45). Andropoaon sp. (.18) 0.18 0.45
C09 E. capillifolium H (.52). Assorted Gramminoids. Solidaao so. H (.21) 0.21 0.73
C10 E. capillifolium H (.55) 0 0.55
D01 L. korean (.50). Aster sp. H (.28) 0.5 0.28
D02 Assorted Gramminoids (.48). L. korean. J. effusus H (.19) 0.67 0.19
D03 Bare Ground (.55). J. effusus H (.22) 0 0.22
D04 Bare Ground (.51). B. frondosa H. J. effusus H (.20) 0 0.4
D05 Assorted Gramminoids, J. effusus H (.43) 0.43 0.43
D06 Assorted Gramminoids (.43), B. frondosa. B. frondosa H (.17) 0.6 0.17
D07 Bare Ground (.45). B. frondosa H. J. effusus H (.18) 0 0.36
D08 Andropogon sp. (.45). Bare Ground, L. korean, B. frondosa H (.18) 0.63 0.18
D09 Assorted Gramminoids. C assia sp. H (.38) 0.38 0.38
D10 J. effusus H (.45), E. capillifolium H. Solidaao sp  H (.18) 0 0.81
E01 L. korean (.50). Aster sp. H (.28) 0.5 0.28
E02 L. korean (.43). Aster sp. H (.17) 0.43 0.17
E03 L. korean (.77) 0.77 0
E04 J. effusus H (.43), Assorted Gramminoids, L. korean. B. frondosa H (.17) 0.34 0.6
E05 L. korean, Solidaao sp. H (.17) 0.17 0.17
E06 Assorted Gramminoids (.48). Andropoaon sp. H. C assia sp. H (.19) 0.48 0.38
E07 Assorted Gramminoids. Solidaao sp. (.20) 0.4 0
E08 Assorted Gramminoids (.52). Andropoaon sp. H (.29) 0.52 0.29
E09 Solidaao sp. H (.25) 0 0.25
E10 Assorted Gramminoids, Scirpus cyperinus H (.31) 0.31 0.31
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B: Created 2 grid 2
Trap Location Dominant Species A low A high
A01 Eclipta alba, Typha sp. H (.21) 0.21 0.21
A02 Polyqonum sp., Scirpus cyperinus, Eriqeron canadensis H,Typha sp. H (.19) 0.38 0.38
A03 E. canadensis H (.33) 0 0.33
A04 7 species at (.13) 0.52 0.39
A05 S et phen & Ece plu (.43) 0.86 0
A06 A ssorted Gramminoids (.56) 0.56 0
A07 Juncus effusus (.27), 8 species at (.09) 0.45 0.54
A08 Assorted Gramminoids, J. effusus, Mec sca(?) H (.23) 0.46 0.23
A09 Assorted Gramminoids, Ludwiqia repens (.25) 0.5 0
A10 Assorted Graminoids (.41), Panicum sp. (.16) 0.57 0
B01 A ssorted Gramminoids (.43), E. canadensis H, Typha sp. H (.17) 0.43 0.34
B02 A ssorted Gramminoids, E. canadensis H(.30). 0.3 0.3
B03 Assorted Gramminoids (.38), E. canadensis H, S. cyperinus H, Solidago sp. H, Typha sp. H (.15) 0.38 0.6
B04 Assorted Gramminoids (.41), Aster sp. H, S. cyperinus H, Solidaqo sp. H (.16) 0.41 0.48
B05 Assorted Gramminoids (.37), Aster sp. H, S. cyperinus H, Solidaqo sp. H, Typha sp. H (.15) 0.37 0.6
B06 Assorted Gramminoids (.48), J. effusus H, S. cyperinus H (.19) 0.48 0.38
B07 Assorted Gramminoids. J. effusus H (.44). 0.44 0.44
B08 Assorted Gramminoids (.71), J. effusus (.16) 0.87 0
B09 Assorted Gramminoids (.69), Andropoaon sp. H, J. effusus H (.15) 0.69 0.3
B10 A ssorted Gramminoids, Andropogon sp. H (.36), 0.36 0.36
C01 Assorted Gramminoids (.82) 0.82 0
C02 Assorted Gramminoids (.38), E. canadensis. E. canadensis H. Typha sp. H (.15) 0.53 0.3
C03 A ssorted Gramminoids (.65), 0.65 0
C04 Assorted Gramminoids, S. cyperinus, S. cyperinus H (.25) 0.5 0.25
C05 Assorted Gramminoids, S. cyperinus, Eupatorium capillifolium H, S. cyperinus H (.19) 0.38 0.38
C06 A ssorted Gramminoids (.48) 0.48 0
C07 A ssorted Gramminoids (.65), 0.65 0
C08 Assorted Gramminoids (.38), J. effusus, S. cyperinus, J. effusus H, S. cyperinus H, Typha sp. H (.13) 0.64 0.39
C09 A ssorted Gramminoids, Aster sp. (.23) 0.46 0
C10 Aster sp., Panicum sp. (.27) 0.54 0
D01 Assorted Gramminoids (.75), Typha sp. H (.17) 0.75 0.17
D02 A ssorted Gramminoids (.82), Typha sp. H (.18) 0.82 0.18
D03 Assorted Graminoids (.77), Typha sp. H (.17) 0.77 0.17
D04 Assorted Gramminoids (.66), C assia  sp. H, S. cyperinus H (.15) 0.66 0.3
D05 A ssorted Gramminoids (.56), C assia  sp. H, J. effusus H(.22) 0.56 0.44
D06 Assorted Gramminoids, Andropogon sp. H, J. effusus H (.30) 0.3 0.6
D07 Assorted Gramminoids (.53), Andropoaon sp. H (.21) 0.53 0.21
D08 Assorted Gramminoids (.63) 0.63 0
D09 Assorted Gramminoids (.63), 0.63 0
D10 Assorted Gramminoids (.60) 0.6 0
E01 Assorted Gramminoids (.66), 0.66 0
E02 Assorted Gramminoids (.52), Bare Ground (.21) 0.52 0
E03 Assorted Gramminoids (.74), 0.74 0
E04 Panicum sp. (.41), Aster sp., Panicum sp. H (.16) 0.57 0.16
E05 Assorted Gramminoids, C assia  sp. H (.36) 0.36 0.36
E06 Aster sp., A ster sp. H, Solidago sp. H (.18) 0.18 0.36
E07 A ssorted Gramminoids (.33), 4 species at (.13) 0.46 0.39
E08 Aster sp., Cynodon dactylon, Baccharis sp. H, C assia  sp. H, Solidago sp. H (.17) 0.34 0.51
E09 A ssorted Gramminoids, Panicum sp. H (.31) 0.31 0.31
E10 Assorted Gramminoids, Bidens frondosa (.23) 0.46 0
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Appendix C1: Monthly values of species abundance calculations from program CAPTURE. The months indicated represent the months of 1995 
1996 when small mammal were captured and recaptured. The calculated values were produced by the removal estimator in the program CAPTU 
based on the mark-recapture data. Species are indicated by: 1=Microtus pennsylvanicus, 2=Oryzomys palustris, 3=Peromyscus leucopus, 
4=Clethrionomys gapperi, 5=Sigmodon hispidus, 6=Blarina carolinensis, 7=AII species together. Abundance calculations are presented for 
individual grids and whole sites. A "$" represents no captures for a given month of sampling.
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